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SUBJECT:  Instruction  Report  K-81-2,  User's  Guide:  Computer  Program  for 
Design  and  Analysis  of  Sheet  Pile  Walls  by  Classical  Methods 
(CSHTWAL),  Report  1  and  Report  2 


All  Corps  Elements  with  Civil  Works  Responsibilities 


1.  The  subject  user's  guide  documents  a  computer  program  named  CSHTWAL  that 
can  be  used  for  analyzing  and  designing  cantilever  and  singly  anchored  sheet 
pile  walls.  The  program  specification  for  CSHTWAL  was  developed  by  the 
Computer-Aided  Structural  Engineering  (CASE)  Task  Group  for  Pile  Structures 

and  Substructures.  As  is  the  goal  with  all  CASE  tasks,  the  intent  is  to  make  an 
organized,  cost-effective  computer  solution  available  to  the  Corps'  designers 
for  use  when  the  need  arises. 

2.  Engineers  will  be  readily  able  to  tell  by  the  description  of  the  program 
and  by  the  examples  given  in  the  report  of  the  applicability  toward  their 
needs.  Detailed  documentation  of  the  program  may  be  obtained  from  the  Engineer¬ 
ing  Computer  Programs  Library  (ECPL)  of  the  U.S.  Army  Engineer  Waterways 
Experiment  Station  (WES),  Vicksburg,  MS. 

3.  We  strongly  encourage  the  use  of  these  programs  where  applicable  throughout 
the  Corps. 

FOR  THE  CHIEF  OF  ENGINEERS:  ^ 

/ 
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LLOYD  A.  DUSCHA 
Chief,  Engineering  Division 
Directorate  of  Civil  Works 
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The  program  determines  the  required  penetration  for  a  given  factor  of 
safety ,  or*  in  the  analysis  mode* the  factor  of  safety  is  determined  for  a  given 
penetration.  The  conventional  procedure  for  calculation  of  design  penetration 
is  used  for  cantilever  walls.  Five  alternative  procedures  (free  earth,  fixed 
earth,  equivalent  beam,  equal  moment,  and  Terzaghi)  are  available  for  investi¬ 
gation  of  anchored  walls. 
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penetration  or  factor  of  safety  with  maximum  bending  moment,  maximum  relative 
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PREFACE 


This  user’s  guide  documents  a  computer  program  called  "CSHTWAL" 
that  can  be  used  for  the  design  and  analysis  of  sheet  pile  walls  using 
classical  methods.  The  work  in  writing  the  computer  program  and  the 
user's  guide  was  accomplished  with  funds  provided  to  the  U.  S.  Army 
Engineer  Waterways  Experiment  Station  (WES),  Vicksburg,  Miss.,  by  the 
Civil  Works  Directorate  of  the  Office,  Chief  of  Engineers,  U.  S.  Army 
(OCE) ,  under  the  Computer-Aided  Structural  Engineering  (CASE)  Project. 

Specifications  for  the  program  were  provided  by  members  of  the 

CASE  Task  Group  on  Sheet  Pile  Structures.  The  following  were  members 

of  the  Task  Group  (though  all  may  not  have  served  for  the  entire 

period)  during  the  period  of  development  of  the  program: 

Mr.  Terry  Soupos,  North  Central  Division  (Chairman) 

Mr.  Richard  Albert,  Detroit  District 
Mr.  James  Bigham,  New  Orleans  District 
Mr.  Walter  Green,  Nashville  District 
Mr.  Tom  McGee,  Nashville  District 
Mr.  Louis  Mendell,  New  York  District 
Mr.  T.  Samuelsoh,  Seattle  District 
Mr.  Ken  Waddell,  Huntington  District 

During  the  latter  stages  of  development  of  the  program  and  this 
user's  guide,  the  Sheet  Pile  Structures  Task  Group  was  combined  with 
the  Pile  Foundations  Task  Group  and  renamed  the  Pile  Structures  and 
Sub-Structures  Task  Group.  This  new  Task  Group  then  assumed  responsi¬ 
bility  for  the  program.  The  Pile  Structures  and  Sub-Structures  Task 
Group  is  composed  of  the  following  members: 

Mr.  Tom  Mudd,  St.  Louis  District  (Chairman) 

Mr.  James  Bigham,  New  Orleans  District 
Mr.  Roger  Brown,  South  Atlantic  Division 
Mr.  Dick  Chun,  Pacific  Ocean  Division 
Mr.  Walter  Green,  Nashville  District 
Mr.  Joe  Hartmann,  St.  Louis  District 
Mr.  Roger  Hoell,  St.  Louis  District 
Mr.  Phil  Napalitano,  New  Orleans  District 
Mr.  Arthur  Shak,  Pacific  Ocean  Division 
Mr.  Ralph  Strom,  Portland  District 

The  computer  program  and  user's  guide  were  written  by  Dr.  William 
P.  Dawkins,  P.E.,  Professor  of  Civil  Engineering,  Oklahoma  State 
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University,  under  Contract  No.  DACW39-79-M-1229  with  WES. 

This  report  only  addresses  the  computational  processes  of  CSH1WAL. 
Report  2  of  this  series  will  be  published  at  a  later  date  to  present  the 
interactive  graphics  capabilities  which  will  be  built  into  the  program. 

Dr.  N.  Radhakrishnan,  Special  Technical  Assistant,  Automatic  Data 
Processing  (ADP)  Center,  WES,  and  CASE  Project  Manager,  coordinated  and 
monitored  the  work.  Mr.  H.  Wayne  Jones,  Computer-Aided  Design  Group 
(CADG) ,  ADP  Center,  WES,  supported  the  Task  Group  in  compiling  program 
specifications.  He  and  Ms.  Dorothy  B.  May,  CADG,  helped  in  converting 
the  program  to  the  WES,  Boeing,  and  Macon  computers.  Messrs.  Donald 
M.  Dressier  and  Rixby  Hardy,  Civil  Works  Directorate,  were  OCE  points 
of  contact.  Mr.  Donald  L.  Neumann  was  Chief  of  the  ADP  Center,  WES, 
during  the  development  of  the  program  and  the  preparation  of  this  user's 
guide. 

Directors  of  WES  during  this  period  were  COL  J.  L.  Cannon,  CE, 
and  COL  N.  P.  Conover,  CE.  Technical  Director  was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  INCH- POUND  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


Inch-pound  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  (SI)  units  as  follows: 


Multiply _  _ _  _ To  Obtain 


feet 

0. 3048 

metres 

inches 

2.54 

centimetres 

pound 

(force)-feet 

1.355818 

newton-metres 

pound 

(force) -inches 

0. 1129848 

newton-metres 

pounds 

(force) 

4.448222 

newtons 

pounds 

(force)  per  square 

foot 

47.88026 

kilopascals 

pounds 

(force)  per  square 

inch 

6.894757 

kilopascals 

pounds 

(mass)  per  cubic  foot 

16.01846 

kilograms  per 

cubic  metre 

pounds 

(mass)  per  foot 

1.488164 

kilograms  per 

metre 

USER'S  GUIDE:  COMPUTER  PROGRAM  FOR  DESIGN 


AND  ANALYSIS  OF  SHEET  PILE  WALLS 
BY  CLASSICAL  METHODS  (CSHTWAL) 
COMPUTATIONAL  PROCESSES 

PART  I:  INTRODUCTION 

General 


1.  This  report  describes  a  computer  program  called  CSHTWAL  which 
performs  design  and/or  analysis  of  either  cantilever  or  anchored  sheet 
pile  walls.  CSHTWAL  is  designated  X0031  in  the  Conversationally 
Oriented  Real-Time  Program-Generating  System  (CORPS)  library.*  The 
program  uses  classical  soil  mechanics  procedures  for  determining  the 
required  depth  of  penetration  of  a  new  wall  or  assesses  the  factor  of 
safety  for  an  existing  wall.  Seepage  effects  a :e  included  in  a  simpli¬ 
fied  manner  in  the  program.  CSHTWAL  was  developed  from  specifications 
provided  by  the  Computer-Aided  Structural  Engineering  (CASE)  Task  Group 
on  Sheet  Pile  Structures.  The  program  follows  as  a  minimum  the  proce¬ 
dures  outlined  in  draft  Engineer  Manual  1110-2-2906,  "Design  of  Pile 
Structures  and  Foundations,"  dated  16  November  1970. 

Organization  of  Report 

2.  The  remainder  of  this  report  is  organized  as  follows: 

a.  Part  II  describes  the  general  sheet  pile  retaining  struc¬ 
ture  and  soil  system  to  be  designed  or  analyzed  by  the 
program. 

b.  Part  III  describes  the  procedures  employed  in  the  program 
for  calculating  earth  pressures  on  the  wall  due  to  adjacent 


*  Three  sheets  entitled  "PROGRAM  INFORMATION”  have  been  hand-inserted 
inside  the  front  cover  of  this  report.  They  present  general  informa¬ 
tion  on  the  program  and  describe  how  it  can  be  accessed.  If  pro¬ 
cedures  used  to  access  this  and  other  CORPS  library  programs  should 
change,  recipients  of  this  report  will  be  furnished  a  revised 
version  of  the  "PROGRAM  INFORMATION." 
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soil,  due  to  unbalanced  hydrostatic  head,  and  due  to  sur¬ 
charge  loads  on  the  soil  surface. 

c.  Part  IV  reviews  the  methods  used  in  determining  the  required 
depth  of  penetration  for  each  type  of  wall. 

d.  Part  V  describes  the  computer  program. 

e.  Part  VI  presents  example  solutions  obtained  with  the 
program . 

3.  The  program  has  been  checked  within  reasonable  limits  to  assure 
that  the  results  obtained  by  it  are  accurate  within  the  limitations  of 
the  procedures  employed.  However,  there  may  exist  unusual  situations 
which  were  not  anticipated  which  may  cause  the  program  to  produce  ques¬ 
tionable  results.  It  is  the  responsibility  of  the  user  to  judge  the 
validity  of  the  final  design  of  the  system,  and  no  responsibility  is 
assumed  for  the  design  of  any  structure  based  on  the  results  of  this 
program. 
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PART  II:  GENERAL  WALL/SOIL  SYSTEM 


General 

4.  The  same  basic  wall/soil  system  shown  in  Figure  1  is  used  for 
either  anchored  or  cantilever  sheet  pile  walls.  Throughout  development 
of  the  program  is  was  assumed  that  all  effects  of  the  wall  were  tending 
to  cause  counterclockwise  rotation  of  a  cantilever  wall  and  clockwise 
rotation  of  an  anchored  wall.  This  section  presents  other  assumed  char¬ 
acteristics  for  the  various  components  of  the  general  system. 

Sheet  Pile  Wall 

5.  A  1-ft*  slice  of  a  straight,  uniform  wall  is  used  for  the 
design/analysis  process.  The  wall  is  assumed  to  be  straight,  initially 
vertical,  linearly  elastic,  and  to  have  a  constant  cross  section 
throughout  its  depth. 

Anchor 

6.  For  anchored  walls,  a  single  horizontal  anchor  may  be  attached 
to  the  wall  at  any  elevation  at  or  below  the  top  of  the  wall.  The 
anchor  is  assumed  to  prevent  horizontal  displacement  of  the  point  of 
attachment. 

Soil 

7.  In  subsequent  paragraphs,  reference  is  made  to  the  "right"  side 
and  'V  3ft"  side  of  the  wall.  The  soil  surface  on  either  side  must 
intersect  the  wall  at  or  below  the  top  of  the  wall. 

Soil  Surface 

8.  The  irregular  soil  surfaces  illustrated  in  Figure  1  provide 
for  all  variations  of  soil  surface  geometry  including  horizontal  or 
continuous  sloping  (either  up  or  down  away  from  the  wall) .  The  slope 
of  any  segment  of  a  broken  surface  may  not  exceed  the  effective  inter¬ 
nal  friction  angle  of  the  surface  soil. 


*  A  table  of  factors  for  converting  inch-pound  units  of  measurement  to 
metric  (SI)  units  is  presented  on  page  5. 
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Soil  Profile 


9.  A  different  layered  soil  profile  is  assumed  to  exist  on  either 
side  of  the  wall.  Boundaries  between  subsurface  layers  are  assumed  to 
be  straight  lines  sloping  up  or  down  away  from  the  wall  on  either  side. 
Sloping  boundaries  must  diverge  away  from  the  wall  or  be  parallel. 
Layers  are  assumed  to  extend  ad  infinitum  away  from  the  wall  and  the 
lowest  layer  described  on  either  side  is  assumed  to  extend  ad  infinitum 
downward . 


Soil  Properties 


10.  Each  soil  layer  is  assumed  to  be  homogeneous.  Properties  re¬ 
quired  for  each  layer  are 

a.  Soil  unit  weight — y:  The  program  determines  the  buoyant 
unit  weight  for  submerged  soil  according  to 


where  y'  =  buoyant  unit  weight;  and 

y  =  effective  unit  weight  of  water  (see  Paragraph 
we  32,  Part  III). 

Hence,  the  unit  weight  provided  as  input  is  assumed  to  be 


the  saturated  unit  weight  for  submerged  soil.  Soil  above 
the  water  surface  in  other  than  a  saturated  condition 
must  be  described  as  a  separate  soil  layer, 

b.  Actual  angle  of  internal  friction — <(> :  The  program  deter¬ 
mines  the  effective  angle  of  internal  friction  according 
to 


<t>  =  Tan_1[(Tan<f>)/Fs] 

err 

where  FS  =  given  or  calculated  factor  of  safety, 

c.  Actual  cohesion — c;  The  program  determines  the  effective 
cohesion  from 


c 


eff 


c/FS. 


d.  Effective  angle  of  wall  friction — 6;  The  program  does 
not  alter  the  angle  of  wall  friction.  See  Figure  2  for 
assumed  positive  wall  friction  angle. 
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(c)  Free  Body  Diagram 
for  Passive  Foil 
Force 


W  =  weight  of  wedge  for  effective  soil  unit  weight 
including  surcharge  loads 

fl  =  normal  force  on  failure  plane 

F  =  friction  force  on  failure  plane 

F  =  M*  tan  where  d>  =  (7!$  .?..)/££ . 

AV  AV  11  1 


C 


6 


AV 


cohesion  force  on  failure  plane 

f  =  Jit:.?.. 


average  wall  friction 


6  =  (M.h.)/Zh. 

AV  ill 


angle 


Figure  2.  Forces  for  calculation  of  soil  pressure 
by  wedge  method 
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Water 


11.  The  following  effects  due  to  water  are  considered: 

a.  Static  water.  Horizontal  pressures  due  to  hydrostatic  head 
are  applied  on  either  side  of  the  wall.  Static  water  sur¬ 
faces  may  be  at  any  elevation.  When  the  water  surface  is 
above  the  top  of  the  wall,  a  drop  structure  is  assumed, 

and  only  the  trapezoidal  pressure  distribution  below  the 
top  of  the  wall  is  used. 

b.  Seepage  effects.  Seepage  effects  alter  static  water  pres¬ 
sures  and  the  submerged  weight  of  the  soil.  The  approxima¬ 
tions  used  to  account  for  seepage  are  discussed  in  Para¬ 
graph  32.  When  seepage  is  present,  the  water  surface  on 
the  right  side  must  be  above  that  on  the  left  side. 

£.  Earthquake  effects.  Earthquake  effects  alter  hydrostatic 
pressures  only  on  the  right  side  above  the  ground  surface 
(see  Paragraph  19) . 

Vertical  Surcharge  Loads 


12.  Surcharge  loads  are  assumed  to  exist  only  on  the  right  side 
surface.  Five  types  of  surcharge  loads  are  permitted  as  illustrated  in 
Figure  1. 


Vertical  Line  Loads 


13.  Vertical  line  loads  are  assumed  to  extend  horizontally  par¬ 
allel  to  the  axis  of  the  wall  and  to  act  on  the  soil  surface.  The  pro¬ 
gram  accommodates  four  (4)  line  loads  at  any  location  on  the  right  side 
surface. 


Distributed  Loads 


14.  Four  distributed  load  variations  are  permitted  by  the  program 
as  shown  in  Figure  1.  Only  one  distributed  load  is  permitted  in  the 
design/analysis  of  a  particular  wall  description.  All  four  distributions 


12 


are  assumed  to  extend  horizontally  parallel  to  the  wall.  Distributed 
loads  may  only  be  applied  to  a  horizontal  segment  of  the  rightside 
surface.  A  break  in  the  rightside  surface  within  the  limits  of  a  dis¬ 
tribution  is  not  permitted.  A  uniform  surcharge  is  assumed  to  extend 
ad  infinitum  away  from  the  wall  and  may  be  applied  only  to  a  horizontal 
surface . 


Horizontal  Loads 


15.  Two  types  of  external  horizontal  loads  in  addition  to  other 
soil  and  water  loads  may  be  applied  to  the  wall.  Horizontal  loads  act¬ 
ing  to  the  left  are  positive. 

Horizontal  Line  Loads 


16.  The  program  permits  up  to  four  (4)  line  loads  (positive  or 
negative)  to  be  applied  directly  to  the  wall  at  any  location  at  or 
below  the  top  of  the  wall. 

Horizontal  Distributed  Loads 


17.  A  single  general  horizontal  load  distribution  described  by 
elevations  and  load  values  for  a  maximum  of  twelve  (12)  points  may  be 
applied  to  the  wall.  Changes  in  sign  (direction)  within  a  distribution 
are  not  permitted. 


Earthquake  Effects 

18.  Earthquake  effects  are  assumed  to  increase  the  tendency 
toward  rotation  of  the  wall.  Earthquake  effects  on  soil  pressures  are 
simulated  in  the  program  by  altering  the  soil  unit  weight  on  each  side 
of  the  wall  as  follows. 

Rightside:  y  „  =  Y (1  +  a)  -  y 

eft  we 

Leftside:  Y  ,,  =  Yd  -  <*)  -  Y 

eff  we 

where  a  =  earthquake  acceleration  expressed  as  a  fraction  of 
the  acceleration  of  gravity. 
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19.  Earthquake  effects  on  water  pressures  above  the  rightside  soil 
surface  are  included  by  application  of  an  additional  pressure  distribu¬ 
tion  extending  from  the  rightside  water  surface  to  the  rightside  soil 
according  to 

P  =  C  a^hv 

y  e 

where 


C  =  51  /A  -  0.72  (h/1000)2; 
e 

h  =  distance  from  rightside  water  surface  to  rightside  soil 
surface;  and 

y  =  distance  below  rightside  water  surface. 


PART  III:  LOADS  ON  WALL 


General 


20.  Horizontal  loads  are  imposed  on  the  structure  by  the  surround¬ 
ing  soil,  by  surcharge  loads  on  the  right  side  surface,  by  water  pres¬ 
sures  or  by  horizontal  loads  applied  directly  to  the  wall.  The  follow¬ 
ing  paragraphs  describe  the  procedures  used  in  the  program  for  deter¬ 
mining  the  resultant  horizontal  pressure  distributions. 


Calculation  Points 


21.  Locations  at  which  force  magnitudes  and  wall  response  are 
calculated  are  initially  located  at  the  following  points: 

a.  At  one-foot  intervals  staring  at  the  top  of  the  sheet 
pile. 

b.  At  the  intersections  of  the  surface  and/or  layer  bound¬ 
aries  on  either  side  with  the  wall  axis. 

£.  At  the  point  of  application  of  each  horizontal  line  load 
and  at  each  elevation  point  of  a  distribution. 

d.  At  the  location  of  the  water  surface  on  either  side  of 
the  wall. 

e.  At  the  anchor  elevation  for  anchored  walls. 

f .  At  other  locations  to  establish  the  resultant  force  or 
pressure  distribution  as  necessary  for  each  design  pro¬ 
cedure  . 

Soil  Pressures 

22.  Two  methods  of  classical  soil  mechanics  are  used  in  the  pro¬ 
gram  to  establish  the  design  pressure  distributions.  Inherent  in  each 
method  is  the  assumption  that  the  wall  displaces  sufficiently  to  pro¬ 
duce  a  fully  plastic  state  in  the  soil  on  either  side  of  the  wall.  This 
assumption  results  in  full  values  of  active  and  passive  earth  pressure 
at  every  point  regardless  of  actual  displacement. 
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Pressure  Coefficient  Method 

23.  Coulomb  earth  pressure  coefficients  relating  horizontal  pres¬ 
sure  to  vertical  pressure  are  used  for  the  following  combinations  of 
wall/soil  characteristics: 

a.  Right  Side  Surface 

a(l)  Continuous  sloping  or  horizontal  surface  without 
surcharge  loads. 

a (2)  Continuous  horizontal  surface  with  surcharge  loads. 

b.  Left  Side  Surface — continuous  sloping  or  horizontal. 

c.  Soil  Layers — horizontal  layer  boundaries  for  subsurface 
layers  on  both  sides  of  wall. 


Pressures  by  Coefficient  Method 


24.  Soil  pressures  are  calculated  as  follows: 

a.  The  vertical  pressure,  p^,  at  each  point  is  calculated 
using  the  effective  soil-unit  weight  (including  submer¬ 
gence  and/or  earthquake  effects)  for  the  soil  above  that 
point  and  any  uniform  surcharge. 

b.  The  Coulomb  earth  pressure  coefficients  are 
b(l)  Active  pressure  coefficient 


b(2)  Passive  pressure  coefficient 


where  <J>  =  effective  angle  of  internal  friction; 

ef  f 

6  =  angle  of  wall  friction  (may  be  posi¬ 
tive  or  negative) ;  and 

B  =  angle  of  surface  slope  (positive  up¬ 
ward  away  from  wall,  determined  by 
program) . 


16 


Horizontal  earth  pressures  are  calculated  from: 
£(1)  Active  pressures 


PAh  KA  Pv 

c(2)  Passive  pressures 


2c  « 
eff  A 


Ph 


K  p  +  2c  „  /K~ 
P  b v  eff  P 


When  a  change  in  either  4  „  or  c  --  occurs  at  a  layer 

eff  eff 

boundary,  dual  pressure  values  are  calculated  using  the 
soil  properties  above  and  below  the  boundary. 


Wedge  Method 

25.  For  all  cases  involving  irregular  soil  surfaces  on  either  side 
of  the  wall,  surcharges  on  a  sloping  rightside  surface  and/or  nonhorizon¬ 
tal  subsurface  layer  boundaries,  the  wedge  method  described  below  is 
used. 

26.  A  failure  plane  is  assumed  to  emanate  from  each  calculation 
point  described  in  paragraph  21.  The  wedge  established  by  the  failure 
plane  and  the  methods  for  calculating  the  various  forces  on  the  wedge  are 
shown  in  Figure  2. 

27.  The  angle  of  inclination  6,  Figure  2b  and  2c,  of  the  failure 
plane  with  the  wall  is  increased  in  one  degree  increments  until  the  maxi¬ 
mum  active  force  and  the  minimum  passive  force  for  that  calculation  point 
are  determined.  In  some  systems  having  downward  sloping  surfaces,  maxi¬ 
mum  active  and  minimum  passive  forces  may  not  be  achieved  before  the 
trial  failure  surface  no  longer  intersects  the  soil  surface.  When  this 
situation  is  encountered,  a  warning  is  printed  and  the  active  and/or 
passive  force  associated  with  the  last  failure  plane  interesecting  the 
soil  surface  is  used  at  that  point. 

28.  Final  soil  pressures  are  calculated  under  the  assumption  that 
the  difference  between  active  and  passive  forces  for  two  adjacent  calcu¬ 
lation  points  is  the  resultant  of  a  linear  pressure  distribution  between 
the  two  points. 
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Net  Soil  Pressures 


29.  Four  separate  soil  pressure  distributions  are  determined  by  the 
methods  described  above. 

£.  Active  pressure  for  the  rightside  soil. 

b.  Passive  pressure  for  the  rightside  soil. 

c.  Active  pressure  for  the  leftside  soil. 

d.  Passive  pressure  for  the  leftside  soil. 

All  calculated  negative  active  pressures  are  set  to  zero. 

Pressures  Due  to  Surcharge  Loads 


30.  The  effects  of  surcharge  loads  on  the  rightside  surface  are  in¬ 
cluded  in  the  weight  of  the  failure  wedge  and  no  additional  computations 
for  surcharge  loads  are  required  when  soil  pressures  are  determined  by 
the  wedge  method. 

31.  When  the  coefficient  method  is  used  to  determine  soil  pressures, 
the  additional  horizontal  pressures  on  the  wall  due  to  strip,  ramp,  and 
triangular  surcharge  loads  are  calculated  from  the  theory  of  elasticity 
equations  shown  in  Figure  3.  A  uniform  surcharge  is  added  directly  to 
the  vertical  soil  pressure  as  indicated  in  paragraph  24. 

Water  Pressures 


32.  In  addition  to  earthquake  effects  (Paragraph  19) ,  hydrostatic 
pressures  may  be  altered  by  seepage.  When  seepage  effects  are  included, 
the  excess  hydrostatic  head  is  assumed  to  be  dissipated  by  vertical  flow 
downward  on  the  right  side  and  upward  on  the  left  side.  The  flow  gradi¬ 
ent  i^  (FT/FT)  is  assumed  to  be  constant  at  all  points  in  the  soil  on 
either  side.  Under  this  assumption,  the  effect  of  seepage  is  to  alter 
the  effective  unit  weight  of  water  in  the  region  of  flow  to 

Right  side:  y  =  y  (1  -  i) 
we  w 

Left  side:  y  =  y  (1  +  i) 
we  w 

The  effect  of  seepage  on  net  horizontal  water  pressures  is  illustrated 
in  Figure  4.  (Note:  When  the  program  is  operating  in  the  "Design" 
mode,  the  point  at  which  net  horizontal  pressure  reduces  to  zero  for  an 
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a  =  —  _ 

H  "H  (n2  +  a2 ) 2 


“li  m  <  0 . 4 


7  =  E  J-203n 

H  H  (0.16  +  n2)  2 


(a)  Line  Load 


CH  -  f  IS  -  sinB  cos2a] 


(b)  Strip  Load 


Q  ,  R, 

?H  “  ffT  fas  +  xa  +  2z  ^ 


_ ,  — 1 

a  e  b  e  R3 


Je>  *"*  ^dd  (d)  Triangular  Load 

Figure  3.  Theory  of  elasticity  equations  for  pressures 
on  wall  due  to  surcharge  loads 
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Pressure  distributions  for  unbalanced  hydrostatic  head 


input  seepage  gradient  may  not  coincide  with  the  design  bottom  of  the 
wall . ) 


Design  Pressures 

33.  The  following  combinations  of  all  applicable  loading  effects 
are  used  for  the  final  design. 

Net  Active  Pressure  =  Rightside  Soil  Active  Pressure  -  Left¬ 
side  Soil  Passive  Pressure  +  Surcharge 
Pressure  +  Water  Pressure  +  Distributed 
External  Horizontal  Pressure. 

Net  Passive  Pressure  =  Rightside  Soil  Passive  Pressure  -  Left¬ 
side  Soil  Active  Pressure  +  Surcharge 
Pressure  +  Distributed  External  Horizon¬ 
tal  Pressure  +  Water  Pressure. 

Horizontal  Loads 


34.  Horizontal  line  and  distributed  loads  are  applied  directly  to 
the  wall.  Depending  on  their  sense  (positive  to  the  left)  and  point  of 

application,  horizontal  loads  may  have  either  a  stabilizing  or  disturb¬ 
ing  effect  on  the  wall. 
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PART  IV:  DESIGN/ANALYSIS  PROCEDURES 


General 


35.  The  program  provides  two  modes  of  operation.  In  the  "Design" 
mode,  the  required  depth  of  wall  penetration  is  determined  for  input  soil 
strengths,  geometry,  loading,  and  factor  of  safety.  Iterative  solutions 
are  performed  in  which  wall  penetration  is  varied  until  conditions  of 
equilibrium  and  other  assumptions  are  satisfied.  In  the  "Analysis"  mode, 
the  safety  factor  for  input  strengths,  geometry,  loading,  and  prescribed 
penetration  is  determined.  In  the  analysis  mode,  a  succession  of  design 
calculations  are  performed  in  which  the  factor  of  safety  is  adjusted 
until  consistent  factor  of  safety  and  effective  soil  strength  properties 
yield  a  design  penetration  equal  to  the  input  value.  In  unusual  layered 
systems,  in  which  the  wedge  method  is  used  for  soil  pressures,  it  is 
possible  for  minuscule  changes  in  the  factor  of  safety  to  produce  a  large 
change  in  required  penetration,  indicating  a  discontinuity  in  the  rela¬ 
tionship  between  factor  of  'safety  and  penetration.  When  this  condition 
is  encountered,  a  solution  for  a  unique  factor  of  safety  is  impossible 
and  the  process  is  terminated. 

36.  In  either  the  "Design"  or  "Analysis"  mode,  a  structural  analy¬ 
sis  is  performed  to  determine  bending  moments  and  shears  in  the  >all  at 
the  locations  of  the  calculation  points.  Relative  deflections  (i.e., 
the  deflected  shape  of  the  wall)  are  calculated  for  both  modes  of  opera¬ 
tion.  However,  the  pile  moment  of  inertia  is  not  known  a  priori  in  a 
design  situation,  hence  the  deflections  of  the  wall  in  the  "Design"  mode 
are  determined  for  wall  modulus  of  elasticity  and  moment  of  inertia  both 
equal  to  one.  Because  the  wall  is  assumed  to  be  a  linear  system  for 
structural  analysis,  the  "scaled"  deflections  reported  from  the  "Design" 
mode  may  be  converted  to  actual  relative  deflections  by  dividing  by  the 
product  of  modulus  of  elasticity  and  wall  moment  of  inertia  after  these 
parameters  have  been  selected  by  the  designer. 

37.  The  design  methods  utilized  in  the  program  are  described  in 
detail  in  References  1  through  4.  The  salient  features  of  each  method 
are  summarized  below. 
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Cantilever  Wall  Design 


38.  The  assumptions  employed  in  the  conventional  design  procedure 

are: 

£.  The  wall  rotates  counterclockwise  as  a  rigid  body  about  a 
point  somewhere  in  its  embedded  depth. 

b.  Due  to  the  rotation  full  active  and  passive  earth  pres¬ 
sures  are  developed  on  either  side  of  the  wall. 

£.  The  wall  derives  its  support  from  passive  pressures  on 
either  side  of  the  wall. 

39.  Typical  simplified  pressure  distributions  arising  from  the 
above  assumptions  are  shown  in  Figure  5.  A  final  design  is  achieved  when 
values  of  penetration  d  and  depth  z  of  the  transition  point  produce  a 
pressure  distribution  for  which  the  sum  of  moments  about  the  bottom  of 
the  wall  and  sum  of  horizontal  forces  are  simultaneously  equal  to  zero. 

40.  The  process  used  in  the  program  to  determine  the  required  pene¬ 
tration  is  as  follows.  Starting  at  the  first  calculation  point  below  the 
upper  zero  pressure  point  (Figure  5a  and  b) ,  the  bottom  of  the  wall 
(i.e.,  penetration  d)  is  moved  progressively  downward  until  values  of  d 
and  z  are  found  which  produce  a  horizontal  resultant  force  equal  to  zero. 
The  resultant  moment  is  then  calculated.  When  a  reversal  in  resultant 
moment  is  found,  the  depth  of  penetration  is  adjusted  between  the  last 
two  calculation  points  until  the  resultant  moment  is  less  than  a  pre¬ 
scribed  minimum  tolerance. 

41.  The  incremental  procedure  described  above  converges  without 
difficulty  to  a  design  penetration  for  all  cases  in  which  the  design 
pressures  discussed  in  paragraph  33  increase  monotonically  with  depth. 
However,  soil  pressures  calculated  by  the  coefficient  method  for  strati¬ 
fied  subsoils  may  have  discontinuities  in  the  net  active  pressure  distri¬ 
bution  such  as  shown  in  Figure  5c.  If  the  pressure  at  the  transition 
point  z  is  restricted  to  either  of  the  extreme  values  at  a  discontinuity, 
a  solution  may  not  be  possible.  For  these  cases  a  solution  is  obtained 
by  the  program  by  allowing  the  pressure  at  the  transition  point  to  assume 
values  intermediate  to  the  extremes  in  order  to  obtain  zero  resultants. 
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Structural  Analysis  of  Cantilever  Walls 


42.  Following  the  "Design"  for  required  penetration  or  "Analysis" 
for  factor  of  safety,  the  bending  moments,  shears,  and  relative  (or 
scaled)  deflections  are  calculated  under  the  assumption  that  the  wall  is 
a  cantilever  beam  supported  at  the  wall  bottom  and  subjected  to  the  final 
'  net  pressures  and  other  external  loads. 

Anchored  Wall  Design 


43.  Five  conventional  procedures  are  incorporated  in  the  program 
for  "Design"  or  "Analysis"  of  anchored  walls.  The  user  has  the  option  of 
using  any  or  all  of  the  methods  and  it  is  the  responsibility  of  the  user 
to  judge  the  applicability  of  the  method  employed.  The  program  does  not 
make  this  determination. 

44.  In  the  conventional  procedure  it  is  assumed  that  the  motion  of 
the  wall  will  be  sufficient  to  produce  full  active  and  passive  pressures 
at  every  point.  In  all  methods  for  anchored  wall  design  the  wall  is  sub¬ 
jected  to  the  effects  of  the  net  active  pressures  due  to  soil,  water,  and 
surcharges  described  in  paragraph  33.  Other  assumptions  attendant  to 
each  method  are  discussed  below. 

Free  Earth  Method 

45.  In  the  Free  Earth  Method  the  design  penetration  d,  Figure  6,  is 
established  by  lowering  the  bottom  of  the  wall  until  the  sum  of  moments 
about  the  anchor  of  all  forces  is  equal  to  zero.  The  anchor  force  is 
then  equal  to  the  equilibrant  of  all  horizontal  forces. 

Structural  Analysis  for  Free  Earth  Method 


46.  Bending  moments,  shears,  and  deflections  are  calculated  by 
treating  the  wall  as  a  beam  with  simple  (unyielding)  supports  at  the 
anchor  and  at  the  wall  bottom.  Figure  6b.  The  assumed  bottom  support 
has  no  influence  on  the  bending  moments  and  shears  and  only  affects  the 
relative  (scaled)  deflection  values. 
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Fixed  Earth  Method 


47.  For  the  fixed  earth  method  it  is  assumed  that  the  penetration 
is  sufficient  to  produce  a  transition  from  net  active  pressure  on  the 
left  side  to  net  passive  pressure  on  the  right  side  near  the  wall  bottom 
similar  to  those  shown  for  cantilever  walls  in  Figure  5  and  in  Figure  7a. 
For  a  trial  penetration  the  depth  of  the  transition  point  z  is  adjusted 
until  the  moment  about  the  anchor  of  the  pressure  diagram  is  zero.  The 
wall  is  then  analyzed  as  a  beam  on  simple  supports  at  the  anchor  and  at 
the  lower  point  of  zero  net  pressure,  as  shown  in  Figure  7b.  The  design 
penetration  is  achieved  when  the  tangent  to  the  wall  at  the  wall  bottom 
is  vertical.  Because  the  net  pressure  diagram  has  zero  moment  about  the 
anchor,  there  is  no  reaction  at  the  lower  simple  beam  support  and  the 
anchor  force  is  equal  to  the  horizontal  resultant  of  the  net  pressure. 

48.  Ho  additional  structural  analysis  for  this  case  is  necessary, 
since  bending  moments,  shears,  and  deflections  are  calculated  during  the 
determination  of  design  penetration. 

Equivalent  Beam  Method 

49.  The  fundamental  assumption  for  the  Equivalent  Beam  Method  is 
that  the  wall  is  embedded  to  a  depth  which  produces  a  point  of  inflection 
in  the  deflected  shape  at  some  point  below  the  leftside  surface.  The 
program  assumes  the  point  of  inflection  occurs  at  the  first  point  of  zero 
net  active  pressure  at  or  below  the  leftside  surface.  Figure  8.  For  de¬ 
sign,  the  portion  of  the  wall  above  the  point  of  zero  pressure.  Figure 
8c,  is  treated  as  a  beam  on  simple  supports  located  at  the  anchor  and  at 
the  point  of  zero  pressure.  The  upper  simple  beam  reaction  is  equal  to 
the  anchor  force.  The  design  penetration  (i.e.,  distance  y.  Figure  8c) 
is  determined  by  lowering  the  bottom  of  the  wall  until  the  net  active 
soil  pressure  below  the  zero  pressure  point  and  the  lower  simple  beam 
reaction  R  (Figure  8c)  produce  a  zero  resultant  moment  about  the  wall 
bottom.  (Refer  to  Draft  EM  1110-2-2906  for  additional  information  on 
the  Equivalent  Beam  Method.) 
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Figure  7.  Anchored  wall  design  by  fixed  earth  method 


Structural  Analysis  for  Equivalent  Beam  Method 


50.  Bending  moments,  shears,  and  deflections  are  determined  from  a 
simple  beam  analysis  of  the  portion  of  the  wall  above  the  zero  pressure 
point  with  a  deflection  of  zero  at  the  lower  support. 

Equal  Moment  Method 

51.  The  design  penetration  for  the  Equal  Moment  Method  is  estab¬ 
lished  when  the  maximum  negative  bending  moment  below  the  leftside  sur¬ 
face  is  equal  to  the  maximum  positive  moment  above  the  leftside  surface. 
Figure  9.  In  the  program  the  design  penetration  is  determined  by  a  sim¬ 
ple  beam  analysis  of  the  wall  with  supports  at  the  anchor  and  at  the  wall 
bottom.  The  wall  bottom  is  lowered  until  the  maximum  positive  and  nega¬ 
tive  moments  differ  by  less  than  a  prescribed  minimum  tolerance.  Because 
the  moments,  shears,  and  deflections  are  calculated  during  determination 
of  design  penetration,  no  additional  structural  analysis  is  necessary  for 
this  method. 


Terzaghi  Method 

52.  The  Terzaghi  Method  is  a  simplification  of  the  Fixed  Earth 
Method.  In  this  procedure  the  portion  of  the  pressure  diagram  below  the 
transition  point  is  replaced  by  a  single  concentrated  force  C,  as  shown 
in  Figure  10a.  The  wall  is  subjected  to  net  active  pressure  and  is  ana¬ 
lyzed  as  a  beam  on  simple  supports  at  the  anchor  and  at  the  wall  bottom. 
Figure  10b.  Design  penetration  is  determined  when  the  tangent  to  the 
deflected  wall  at  the  bottom  is  vertical. 

53.  No  additional  structural  analysis  for  this  method  is  necessary 
since  bending  moments,  shears,  and  deflections  are  calculated  during 
determination  of  design  penetration. 

Structural  Analysis  Procedure 

54.  A  one-dimensional  finite  element  procedure  for  linear,  pris¬ 
matic  beams  is  used  to  perform  the  structural  analysis  of  each  type  of 
wall.  The  nodes  of  the  finite  element  model,  Figure  11,  are  located  at 
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Tangent 

(a)  Design  Pressure  (b)  Supports  for  Design 

and  Analysis 


Figure  10.  Anchored  wall  design  by  Terzaghi  method 


Suppor t 
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Relationship  Equation 

Figure  11.  Finite  element  model  for  structural  analysis 


the  calculation  points  described  previously.  Each  node  in  the  model  has 
two  associated  displacements:  a  horizontal  translation  u,  and  a  rotation 
0.  The  distributed  net  design  pressures.  Figure  11a,  are  first  converted 
to  a  system  of  equivalent  concentrated  nodal  forces  to  produce  the  situa¬ 
tion  shown  in  Figure  lib. 

55.  Typical  elements  and  their  common  node  are  shown  in  Figure  11c. 
The  relationship  between  bending  moments  and  shears  on  the  ends  of  an 
element  and  the  displacements  of  the  nodes  at  the  element  ends.  Figure 
lid,  is  readily  established  using  conventional  beam  bending  theories. 

56.  Substitution  of  the  element  force-displacement  relationship  into 
the  nodal  equilibrium  equations,  Figure  lie,  results  in  a  pair  of  equa¬ 
tions  which  must  be  satisfied  at  each  node.  When  the  equations  for  every 
node  have  been  evaluated,  the  resulting  simultaneous  equations  (2n  equa¬ 
tions  for  a  model  with  n  nodes)  are  solved  for  the  nodal  displacements. 
Back  substitution  of  the  nodal  displacements  into  the  element  force- 
displacement  relationships  leads  to  the  bendin  moments  and  shears  in  the 
wall. 

57.  The  bending  rigidity  parameter  El  is  assigned  a  value  of  one 
for  all  structural  analyses.  The  displacements  thus  determined  are  re¬ 
ferred  to  as  "scaled"  values.  In  the  "Analysis"  mode  the  scaled  displace¬ 
ments  are  divided  by  the  input  values  of  E  (modulus  of  elasticity)  and  I 
(wall  moment  of  inertia)  before  the  final  results  are  reported. 


34 


PART  V:  COMPUTER  PROGRAM 


General 


58.  The  computer  program,  SHTWAL,  which  implements  the  procedures 
described  above  is  written  in  the  FORTRAN  lanquage  for  interactive  opera¬ 
tions  from  a  remote  terminal.  All  arithmetic  operations  are  performed  in 
single  precision.  For  computer  systems  employing  fewer  than  fifteen  sig¬ 
nificant  figures  for  real  numbers,  it  may  be  necessary  to  perform  some 
operations  in  double  precision.  A  complete  listing  of  the  FORTRAN  source 
is  provided  in  Volume  2  of  this  report  and  summary  flow  diagrams  are  pro¬ 
vided  in  Figures  12,  13,  and  14. 

Program  Description 

59.  The  program  is  composed  of  33  subroutines.  The  basic  functions 
performed  by  each  subroutine  are  described  below. 

60.  MAIN:  Through  interactive  questions  and  user  responses: 

a_.  Determines  mode  for  input  data,  either  from  user  input  at 
terminal  or  from  previously  prepared  data  file. 

b.  Determines  destination  of  output  data,  either  to  user  ter¬ 
minal  or  to  data  files. 

c_.  Determines  type  of  output  desired,  including  echoprint  of 
input  data,  summary  of  significant  results,  and/or  complete 
tabulation  of  all  results. 

d.  Attaches  user  supplied  input  and  output  file  names  to  I/O 
devices. 

61.  DESEX:  Determines  method  to  be  used  for  calculation  of  soil 
pressures  (coefficient  or  wedge  method) .  Calls  calculation  routines  for 
"Design"  or  "Analysis"  of  wall. 

62.  FSITER:  Controls  iterative  sequence  of  calculations  for  deter¬ 
mining  factor  of  safety  for  a  wall  in  "Analysis"  mode. 

63.  ANCH:  Determines  required  penetration  for  Free  Earth,  Equiva¬ 
lent  Beam,  Equal  Moment,  and  Terzaghi  design  methods  for  anchored  walls 
for  input  or  calculated  factor  of  safety.  Adjusts  net  pressures  for 
specified  water  pressure  distribution. 
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Figure  12.  Principal  function  flow  diagram 


(a)  Cantilever  Wall  Desiqn 
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(b)  Anchored  Wall  Desiqn 


Fiquro  13.  Summary  flow  diagrams  for  desiqn/analysis 
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(a)  Coefficient  Method 


(b)  Wedge  Method 

iguro  14.  Summary  flow  diagrams  for  soil  routines 
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64.  ANCHFE:  Determines  required  penetration  for  Fixed  Earth  Method 
for  anchored  walls  for  input  or  calculated  factor  of  safety.  Adjusts  net 
pressure  for  specified  water  pressure  distribution. 

65.  CANT:  Determines  required  penetration  for  cantilever  wall  for 
input  or  calculated  factor  of  safety.  Adjusts  net  pressures  for  speci¬ 
fied  water  pressure  distribution. 

66.  ANALYZ:  Sets  up  equivalent  concentrated  forces  for  structural 
analysis  of  cantilever  walls  and  for  anchored  walls  designed  by  Free 
Earth  and  Equivalent  Beam  Methods.  Determines  maximum  bending  moments 
and  displacements.  Tabulates  results  for  output. 

67.  CLASEX:  Sets  up  four  soil  pressure  distributions  for  systems 
in  which  the  coefficient  method  is  used.  Combines  soil  pressure  distri¬ 
butions  and  surcharge  pressure  distribution  into  net  pressure  distribu¬ 
tions  . 

68.  CULOMB:  Calculates  active  and  passive  Coulomb  earth  pressure 
coeificients  and  active  and  passive  earth  pressures  at  layer  boundaries, 
water  surfaces,  and  other  control  points  on  wall. 

69.  SRCHRG:  Calculates  pressures  due  to  surcharges  by  theory  of 
elasticity  equations  when  soil  pressures  are  determined  by  the  coeffi¬ 
cient  method. 

70.  WDGEX :  Sets  up  four  soil  pressure  distributions  when  wedge 
method  is  used.  Combines  soil  pressure  distributions  into  net  pressure 
distributions. 

71.  WALLPT:  Locates  calculation  points  on  wall  when  wedge  method 
is  used. 

72.  WDGPR:  Calculates  active  and  passive  forces  for  each  calcula¬ 
tion  point  by  wedge  method.  Converts  active  and  passive  forces  to  pres¬ 
sures. 

73.  WDGVOL:  Calculates  volume  of  failure  wedge  defined  by  failure 
surface  emanating  from  a  calculation  point. 

74.  BRKPT :  Utility  subroutines for  wedge  method.  Locates  inter¬ 
section  of  sloping  soil  boundaries  with  irregular  soil  surface. 

75.  WATSUR:  Utility  subroutine  for  wedge  method.  Called  when 
water  surface  intersects  irregular  soil  surface  to  determine  transition 
from  unsubmerged  to  submerged  conditions  for  soil  unit  weight  calcula¬ 
tions. 


76.  AREA1:  Utility  subroutine  for  wedge  method.  Calculates  area 
of  polygon  from  array  of  x-  and  y-coordinates  of  comers. 

77.  CONPT:  Utility  subroutine  to  determine  indices  of  calculation 
points  at  intersections  of  left  and  right  soil  surfaces  with  wall,  and 
at  anchor.  Adds  earthquake  water  pressures  and  general  horizontal 
applied  pressure  distribution  to  net  pressures. 

78.  ZEROPR:  Utility  subroutine  to  determine  location  of  first 
point  of  zero  net  pressure  at  or  below  leftside  surface.  Calculates  re¬ 
sultants  of  all  forces  above  point  of  zero  net  pressure. 

79.  MOMFOR:  Utility  subroutine  to  calculate  moment  about  a  refer¬ 
ence  point  and  resultant  force  of  a  trapezoidal  pressure  distribution. 

80.  ADDHOR:  Utility  subroutine  to  calculate  moment  about  a  refer¬ 
ence  point  and  sum  of  all  horizontal  line  loads  between  prescribed  eleva¬ 
tions  on  wall. 

81.  CONFOR:  Utility  subroutine  to  convert  net  pressure  distribu¬ 
tion  to  equivalent  concentrated  loads. 

82.  SUMFOR:  Utility  subroutine  to  calculate  resultant  force  and 
moment  about  a  reference  elevation  of  a  net  pressure  diagram. 

83.  SSIWALL:  Performs  structural  analysis  of  wall  by  one-dimen¬ 
sional  finite  element  method. 

84.  TERMRD:  Prints  prompting  messages  and  reads  input  data  from 
user  terminal. 

85.  INECHO:  Reads  input  data  from  data  file.  Checks  input  data 
for  errors.  Echoes  input  data  to  user  terminal  or  to  output  file. 

86.  ERROR:  Prints  fatal  error  messages  to  user  terminal  for  input 
data  errors. 

87.  DCIFR:  Utility  subroutine  to  locate  nonblank  characters  on  a 
line  of  alphanumeric  input  data. 

88.  AMEND:  Prints  prompting  messages  and  controls  for  changing 
previously  supplied  input  data. 

89.  SAVEIN:  Writes  input  data  supplied  from  user  terminal  to  per¬ 
manent  file  in  input  file  format. 

90.  INFOUT:  Prints  summary  of  results  to  user  terminal.  Through 
interactive  questions  and  user  responses,  prints  output  data  as  requested 
to  user  terminal  or  writers  to  output  file. 
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91.  SOILPR:  Sets  up  active  and  passive  soil  pressures  for  optional 
printing  to  terminal  during  design. 

92.  SHUFLE:  Utility  subroutine  for  SOILPR  to  set  up  active  and 
passive  soil  pressure  arrays  obtained  from  coefficient  method. 

Input  Data 

93.  Input  data  may  be  provided  either  interactively  from  the  user's 
terminal  or  from  a  previously  prepared  data  file.  When  data  are  input 
from  the  terminal  during  execution,  the  program  provides  prompting  mes¬ 
sages  to  indicate  the  type  and  amount  of  input  data  to  be  provided.  The 
characteristics  of  a  previously  prepared  data  file  are  described  in  the 
Input  Data  Guide  contained  in  Appendix  A. 

94.  Whenever  an  input  sequence  is  completed,  either  from  a  data 
file  or  from  user  terminal,  the  program  provides  an  opportunity  to  chanqe 
any  or  all  parts  of  the  input  data  in  an  Editing  mode. 

95.  Whenever  any  input  data  are  entered  from  the  user's  terminal, 
the  program  provides  for  saving  the  existing  input  data  in  a  permanent 
file. 


Output  Data 

96.  The  user  has  several  options  regarding  the  amount  and  destina¬ 
tion  of  the  output  from  the  program.  The  three  basic  parts  of  the  output 
and  user  option  pertaining  to  each  part  are  described  below. 

97.  ECHOPRINT  OF  INPUT  DATA:  A  complete  tabulation  of  all  input 
data  as  read  from  the  user  terminal  or  from  an  input  file.  The  user  may 
direct  this  section  of  the  output  to  the  terminal,  to  an  output  file,  to 
both,  or  may  elect  to  omit  the  echoprint  entirely. 

98.  SUMMARY  OF  RESULTS:  A  tabulation  of  design  penetration  from 
the  "Design"  mode  or  the  factor  of  safety  from  the  "Analysis"  mode  with 
maximum  bending  moment  and  deflection  for  a  cantilever  wall;  or  a  tabula¬ 
tion  of  design  penetration  or  factor  of  safety,  maximum  bending  moment 
and  deflection,  and  anchor  force  for  each  method  exercised  for  an  anchor¬ 
ed  wall.  This  summary  is  always  printed  to  the  user’s  terminal.  The 
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user  may  also  direct  this  summary  to  the  same  or  to  a  different  file 
than  that  used  for  echoing  the  input  data. 

99.  COMPLETE  RESULTS:  A  complete  tabulation  of  the  elevation, 
bending  moment,  shear  force,  deflection,  and  final  net  pressure  at  each 
calculation  point  on  the  wall.  Whenever  dual  values  exist  at  a  single 
point  (e.g.,  discontinuities  in  soil  pressures  in  stratified  soils,  or 
sudden  changes  in  shear  at  the  anchor  or  at  points  of  application  of 
horizontal  line  loads) ,  two  or  more  lines  of  results  appear  for  that 
point  giving  the  values  immediately  above  and  below  the  discontinuity. 
The  user  may  omit  this  section  of  the  output,  direct  it  to  the  terminal, 
or  write  it  to  the  output  file  containing  the  summary  of  results.  For 
anchored  walls  the  user  may  elect  to  print/write  the  complete  tabulation 
of  results  for  any  or  all  of  the  design  methods  exercised. 

Units  and  Sign  Conventions 

100.  Units  and  sign  conventions  for  forces  and  displacements  used 
for  calculations  and  output  of  results  are  shown  in  Table  1. 

Tolerances 


101.  In  either  the  "Design"  or  "Analysis”  mode,  repetitive  trial  and 
correction  solutions  are  performed.  A  final  solution  is  considered  to  be 
obtained  when  the  force  and  dimension  tolerances  listed  in  Table  2  are 
satisfied. 
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Table  1 


Units  and  Sign  Conventions 


Item 

Units 

Sign  Convention 

Horizontal  Distances 

FT 

Always  Positive 

Elevations 

FT 

Positive  or  Negative 
decreasing  downward 

Modulus  of  Elasticity 

PS  I 

Wall  Moment  of  Inertia 

IN.4 

Soil  Unit  Weight 

PCF 

Angle  of  Internal  Friction 

DEG 

Cohesion 

PS  F 

Angle  of  Wall  Friction 

DEG 

Positive  or  Negative 

Horizontal  Line  Loads 

PLF 

Positive  to  Left 

Horizontal  Applied  Pressures 

PSF 

Positive  to  Left 

Vertical  Line  Surcharges 

PLF 

Positive  downward 

Strip,  Ramp,  Triangular,  or 
Uniform  Surcharges 

PSF 

Positive  downward 

Water  Unit  Weight 

PCF 

Earthquake  Acceleration 

G’s 

Always  Positive 

Pressures 

PSF 

Positive  to  left 

Bending  Moment 

LB-FT/FT 

Positive  if  produces 
compression  on  right 
side  of  wall 

Shear  Force 

LS/FT 

Positive  acts  to  right 
on  top  end  of  vertical 
wall  section 

Deflection 

IN. 

Positive  to  left 

"Scaled"  Deflection 

LB- IN. 3 

Positive  to  left 

Rotation 

RADIANS 

Positive  counterclockwise 

"Scaled"  Rotation 

LB- IN. 2 

Positive  counterclockwise 

Anchor  Force 

LB/  FT 

Always  Tension 
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Table 


PART  VI:  EXAMPLE  SOLUTIONS 


General 


102.  Numerous  wall/soil  systems  have  been  investigated  to  test  and 
verify  the  computational  procedures  used  in  the  program.  Example  solu¬ 
tions  and  supporting  information  are  presented  in  Appendix  B  for  canti¬ 
lever  walls  and  in  Appendix  C  for  anchored  walls.  These  examples  only 
input  the  computational  processes  of  the  program.  The  interactive 
graphics  capabilities  of  the  program  to  help  in  data  input  and  output 
interpretation  will  be  presented  in  Report  2  of  this  series.  In  all 
examples  herein,  any  program  prompts  for  graphics  information  will  be 
answered  with  a  negative  reply  but  will  be  shown  here  to  make  the  user 
aware  that  the  graphics  package  will  be  available. 

Cantilever  Walls 


Problem  "CAHTl" 

103.  The  cantilever  retaining  wall  shown  in  Figure  B1A  was  designed 
for  a  factor  of  safety  of  1.0.  Initiation  of  a  run  using  program  SHTWAL 
is  shown  on  page  B5.  As  indicated,  input  data  were  previously  stored  in 
permanent  data  file  "CANT1 , "  listed  on  page  B6.  An  echoprint  of  the 
data  is  shown  on  paqes  B7  and  B8.  Program  prompting  messages  (upper 
case)  and  user  response  (lower  case)  are  shown.  In  the  "Design"  mode, 
the  active  and  passive  soil  pressures  on  each  side  of  the  wall  may  be 
printed  at  the  user's  terminal,  as  shown  on  pages  B9  and  BIO.  Following 
completion  of  the  solution,  a  summary  of  results,  page  Bll,  is  always 
printed  to  the  user's  terminal.  This  summary  will  also  appear  in  an  out¬ 
put  file  when  an  output  file  is  created  at  the  user's  option.  The  user 
may  terminate  the  output  at  this  point  or  may  request  a  complete  tabula¬ 
tion  of  results  as  shown  on  pages  B12  and  B13.  Plots  of  these  results 
are  shown  in  Figures  BIB,  B1C,  and  BID. 

104.  A  solution  for  design  penetration  for  this  problem  is  presented 
in  Reference  1.  Hand  calculations  for  design  penetration  as  well  as  net 
pressures  and  maximum  bending  moment  are  shown  on  pages  Bl4  through  B19. 
Numerical  values  shown  in  all  hand  calculations  have  been  truncated  at 
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two  significant  figures  beyond  the  decimal.  This  truncation  accounts 
for  the  differences  between  results  obtained  by  hand  and  by  the  program. 
Problem  "CANT1A" 

105.  Problem  "CAMT1A"  illustrates  potential  use  of  the  program  in 

an  actual  design  situation.  For  initial  design  the  sheet  pile  section 
(i.e. ,  wall  moment  of  inertia)  will  not  be  known.  Hence  the  program 
must  be  exercised  in  the  "DESIGN"  mode  to  determine  penetration,  maximum 
bending  moment,  and  maximum  scaled  deflection. 

106.  The  input  data  for  Problem  "CANTl"  were  edited  as  shown  on 
pages  B21  and  B22  to  perform  an  "Analysis"  of  the  wall  at  desiqn  penetra¬ 
tion  using  a  sheet  pile  section  having  a  moment  of  inertia  equal  to 
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220.4  in.  /ft  of  wall.  An  echo  of  the  amended  input  is  shown  on  pages 
B23  and  B24 .  The  significant  differences  in  results  from  those  of  Prob¬ 
lem  "CANTl"  are  that  the  factor  of  safety  rather  than  penetration  is  re¬ 
ported  in  the  summary,  page  B25,  and  the  deflections  are  reported  in 
inches  instead  of  scaled  values  in  both  the  summary  and  complete  results, 
page  B26. 

Problem  "CANT2" 

107.  The  floodwall  shown  in  Figure  B2A  was  designed  for  an  earth¬ 
quake  acceleration  equal  to  0.1  g's.  Input  data  for  this  problem  were 
entered  from  the  user's  terminal  at  execution.  Program  promptings  (upper 
case)  and  user  response  (lower  case)  are  shown  on  pages  B29  through  B31. 
The  input  data  were  saved  in  a  permanent  file.  A  listing  of  the  file 
generated  by  the  program  is  shown  on  paqe  B32.  Results  from  the  program 
are  shown  on  pages  B33  and  B34  and  in  Figure  B2B. 

108.  Hand  calculations  to  further  illustrate  the  process  used  in  the 
program  to  simulate  earthquake  effects  on  soil  and  water  pressures  and  to 
verify  program  results  are  shown  on  pages  B35  through  B39. 

Problem  "CANT 3" 

109.  Calculation  of  net  active  pressures  for  the  stratified  soil 
system  shown  in  Figure  B3A  by  the  coefficient  method  results  in  a  sudden 
change  in  net  pressure  at  El  -10  from  891  PSF  to  1891  PSF,  Figure  B3B. 
Equilibrium  requirements  for  conventional  cantilever  wall  design  cannot 
be  satisfied  if  the  final  design  pressure  distribution  is  limited  to 
either  of  these  extremes.  The  program  permits  the  final  design  pressure 
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at  the  discontinuity  to  assume  an  intermediate  value  as  necessary  to 
satisfy  equilibrium.  Figure  B3B . 

110.  Input  data  were  read  from  a  data  file,  listed  on  paqe  B42. 
Program  results  are  shown  on  paqes  B43  and  B44.  Hand  calculations  for 
this  problem  are  contained  on  paqes  B45  through  B50. 

Problem  "CANT4" 

111.  The  system  shown  in  Figure  B4A  requires  the  use  of  the  wedge 
method  for  calculation  of  soil  pressures.  The  resulting  design  pressure 
distribution  is  shown  in  Figure  B4B.  A  listing  of  the  input  data  file 
for  this  problem  is  shown  on  page  B54.  Active  and  passive  soil  pressures 
are  shown  on  pages  B55  and  B56.  Results  are  contained  on  pages  B57  and 
BS8 . 


Anchored  Walls 

Problem  "ANCH1" 

112.  The  anchored  wall  shown  in  Figure  CIA  was  designed  by  all  five 
methods  incorporated  in  the  program.  Input  data  were  read  from  the  file 
listed  on  page  C6.  An  echo  of  input  data  is  shown  on  pages  C7  and  C8. 
Results  are  shown  on  pages  C9  through  C20  along  with  program  prompts  to 
determine  the  type  of  data  desired  by  the  user.  Results  are  plotted  in 
Figures  ClB  through  C1D. 

113.  A  solution  for  design  penetration  of  this  wall  by  the  Free 
Earth  method  is  presented  in  Reference  1.  Hand  calculations  for  design 
penetration,  maximum  bending  moment,  and  anchor  force  for  the  Free  Earth, 
Equivalent  Beam,  and  Equal  Moment  methods  are  included  on  paqes  C21 
through  C27.  Differences  between  hand  calculated  values  and  program  re¬ 
sults  are  again  attributable  to  truncation  of  the  numerical  values  in  the 
hand  calculations. 

Problem  "ANCH1A" 

114.  The  editing  feature  of  the  program  was  used  to  alter  the  input 
data  for  Problem  "ANCH1"  to  perform  an  "ANALYSIS"  of  the  wall.  The  analy¬ 
sis  was  performed  for  a  sheet  pile  section  with  a  moment  of  inertia  equal 

4 

to  220.4  in.  /ft  of  wall  with  the  bottom  of  the  wall  at  El  -14.5  (i.e., 
penetration  equal  to  14.5  ft).  The  summary  of  results,  page  C29,  indi- 
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cates  the  factor  of  safety  associated  with  each  design  method.  Complete 
results  for  the  Free  Earth  and  Fixed  Earth  methods  are  shown  on  pages  C30 
through  C33. 

Problem  "ANCH2" 

115.  The  anchored  wall  shown  in  Figure  C2A  was  designed  by  all  five 
methods.  In  addition  to  soil  and  water  forces,  the  wall  was  subjected 
to  a  horizontal  line  load  equal  to  1000  lb/ft  of  wall  at  the  top  of  the 
wall.  Input  data  for  this  problem  were  entered  from  the  user's  terminal 
at  execution  as  shown  on  pages  C36  through  C38.  An  echo  of  the  input 
data  is  shown  on  pages  C39  through  C41.  The  summary  of  results  is  shown 
on  page  C42.  Complete  results  for  all  methods  are  contained  on  pages 
C44  through  C53.  Hand  calculations  for  verification  of  the  results  are 
shown  on  pages  C54  through  C60. 

Problem  "ANCH3" 

116.  The  effect  of  seepage  is  illustrated  in  the  design  of  the  an¬ 
chored  wall  shown  in  Figure  C3.  The  seepage  gradient  of  1/3  FT/FT  re¬ 
sults  in  total  dissipation  of  the  twenty  foot  head  on  the  right  side  at 
elevation  -20.  Soil  submerged  unit  weights  on  either  side  of  the  wall 
above  elevation  -20  are  affected  by  seepage.  Static  water  is  assumed 
below  elevation  -20.  Input  data  for  this  problem  were  read  from  the 
data  file  listed  on  page  C63  and  echoprinted  on  pages  C64  and  C65.  Re¬ 
sults  are  contained  on  pages  C66  through  C75.  Hand  calculations  for 
verification  of  the  program  results  are  included  on  pages  C76  through 
C78. 
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Notes  and  General  Requirements 
for  Wall  Description 


1.  Coordinate  System 

a.  The  wall  is  assumed  to  be  vertical. 

b.  All  elevations  and  distances  are  assumed  to  be  given  in 
feet . 

£.  All  vertical  dimensions  are  given  as  elevations  with  re¬ 
spect  to  an  arbitrary  datum.  Elevations  increase  toward 
the  top  of  the  wall. 

d.  All  horizontal  dimensions  are  given  as  the  positive  dis¬ 
tance  in  feet  from  the  wall,  increasing  away  from  the  wall. 
There  are  no  negative  horizontal  distances. 

e.  Impending  rotation  of  the  wall  is  assumed  to  be  counter¬ 
clockwise  for  cantilever  walls  and  clockwise  for  anchored 
walls . 

2 .  Top  of  Wall 

a.  The  elevation  of  the  top  of  the  wall  must  be  at  or  above  the 
intersection  of  the  rightside  surface  with  the  wall  (i.e., 
TOPEL  >  SURELR(l),  Figure  A2) . 

3 .  Anchor 

For  an  anchored  wall,  a  horizontal  anchor  is  assumed. 

The  anchor  must  be  at  or  below  the  elevation  of  the  top  of 
the  wall  (i.e.,  ANCHEL  S  TOPEL,  Figure  Al) . 

4.  Bottom  of  Wall 

a.  The  elevation  of  the  bottom  of  the  wall,  BOTEL  (Figure  Al) 
is  determined  in  the  "Design"  mode. 

b.  The  elevation  of  the  bottom  of  the  wall,  BOTEL  (Figure  Al) 
must  be  provided  in  the  "Analysis"  mode. 

5.  Rightside  Soil  Surface  (Figure  A2) 

a.  The  general  rightside  surface  is  assumed  to  be  described  by 
pairs  of  coordinates  giving  the  elevation  and  distance  from 
the  wall  for  up  to  fifteen  (15)  points  on  the  surface.  The 
surface  between  adjacent  points  is  assumed  to  be  a  straight 
line. 

a(l)  The  first  point  is  at  the  intersection  of  the  surface 
and  the  wall.  The  elevation  of  the  first  point  must 
be  at  or  below  the  top  of  the  wall. 

a(2)  If  only  one  (1)  surface  point  is  provided,  a  horizon¬ 
tal  rightside  surface  is  assumed. 
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a(3)  The  rightside  surface  is  assumed  to  extend  horizontal¬ 
ly  ad  infinitum  beyond  the  last  surface  point  provided. 

a(4)  The  slope  of  every  segment  of  the  surface  must  be  less 
than  or  equal  to  the  effective  angle  of  internal  fric¬ 
tion  for  the  top  rightside  soil  layer. 

7.  Rightside  Soil  Layers  (see  Figure  A2) 

a.  The  soil  on  the  rightside  of  the  wall  is  assumed  to  be  com¬ 
posed  of  one  (1)  to  fifteen  (15)  soil  layers.  Soil  proper¬ 
ties  as  follow  are  assumed  to  be  constant  within  each  layer. 

a(l)  Unit  weight,  GAMRT,  (PCF)  input  is  assumed  to  be  for 

unsubmerged  soil.  Submerged  unit  weight  is  determined 
from  the  position  of  the  water  surface  on  the  right- 
side. 

a(2)  Angle  of  internal  friction,  PHIRT,  (DEG)  must  be 

greater  than  or  zero  if  CRT  (see  next  paragraph)  is 
equal  to  zero. 

cl  (3)  Cohesion,  CRT,  (PSF)  must  be  greater  than  zero  if 
PHIRT  is  equal  to  zero. 

a(4)  Angle  of  wall  friction,  DELTRT ,  (DEG). 

b.  Adjacent  soil  layers  are  assumed  to  be  separated  by  a 
straight  line  which  extends  ad  infinitum  from  the  wall. 

The  boundary  between  layers  is  associated  with  the  layer 
above  and  is  described  by 

b(l)  The  elevation,  ELLAYR,  at  which  the  boundary  inter¬ 
sects  the  wall. 

b(2)  The  slope,  SLOPER,  of  the  wall  expressed  in  feet  of 

rise  per  foot.  A  positive  slope  extends  up  away  from 
the  wall. 

b(3)  Layer  boundary  lines  may  not  intersect  (i.e.,  must  be 
parallel  or  diverge  away  from  the  wall) . 

c.  The  last  soil  layer  provided  is  assumed  to  extend  ad  infini¬ 
tum  downward. 

8.  Leftside  Soil  Surface  (see  Figure  A3) 

a.  The  general  leftside  surface  is  assumed  to  be  described  by 
pairs  of  coordinates  giving  the  elevation  and  distance  from 
the  wall  for  up  to  fifteen  (15)  points  on  the  surface.  The 
surface  between  adjacent  points  is  assumed  to  be  a  straight 
line. 

a(l)  The  first  point  is  at  the  intersection  of  the  surface 
and  the  wall  and  must  be  at  or  below  the  top  of  the 
wall . 

a_(2)  If  only  one  (1)  surface  point  is  provided,  a  horizon¬ 
tal  surface  is  assumed. 

a(3)  The  leftside  surface  is  assumed  to  extend  horizontally 
ad  infinitum  beyond  the  last  surface  point  provided. 
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leftside  Surface 


(b)  Leftside  Layer  Data 
Figure  A3.  Data  names  for  leftside  soil 


a (4)  The  slope  of  every  segment  of  the  leftside  surface 

must  be  less  than  or  equal  to  the  effective  angle  of 
internal  friction  for  the  top  leftside  soil  layer. 

9.  Leftside  Soil  Layers  (see  Figure  A3) 

a.  The  soil  on  the  leftside  of  the  wall  is  assumed  to  be  com- 
~  posed  of  one  (1)  to  fifteen  (15)  soil  layers.  Soil  proper¬ 
ties  as  follow  are  assumed  to  be  constant  within  each  layer. 

a (1)  Unit  weight,  GAMLT,  (PCF)  is  assumed  to  be  for  unsub¬ 
merged  soil.  Submerged  unit  weight  will  be  determined 
from  the  position  of  the  leftside  water  surface. 
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a(2)  Angle  of  internal  friction,  PHILT,  (DEG)  must  be 

greater  than  zero  if  CLT  (see  next  paragraph)  is  equal 
to  zero . 

a(3)  Cohesion,  CLT,  (PSF)  must  be  greater  than  zero  if 
PHILT  is  equal  to  zero. 

a  (4)  Angle  of  wall  friction,  DELTLT,  (DEG) . 

10.  Water  Data 

a.  When  seepage  effects  are  not  included,  water  on  either  side 
of  the  wall  may  be  at  any  elevation. 

b.  When  seepage  effects  are  included,  the  following  must  be 
observed. 

b ( 1 )  Water  elevation  on  right  side  must  be  above  water 
elevation  on  left  side. 

b(2)  Seepage  is  assumed  to  commence  on  the  right  side  at  the 
lower  of  WATELR  and  SURELR(l) . 

b(3)  Seepage  is  assumed  to  cease  on  the  left  side  at  the 
lower  of  WATELL  and  SURELL(l). 

b ( 4 )  The  value  of  seepage  gradient  provided  as  input  must  be 
positive,  less  than  one;  and  must  not  result  in  zero  net 
water  pressure  above  the  point  at  which  seepage  ceases 
on  the  left  side. 

11.  Vertical  Surcharge  Loads  on  Rightside  Surface  (see  Figure  A4) 

a.  Load  units  are  assumed  to  be  pounds  per  lineal  foot  (PLF) 
for  line  loads  and  pounds  per  square  foot  (PSF)  for  distri¬ 
buted  loads . 

b.  Zero  (0)  to  four  (4)  line  loads  may  be  applied  at  any  point 
on  the  rightside  surface. 

£.  Zero  (0)  or  one  (1)  distributed  surcharge  load  may  be 
applied  as  shown  in  Figures  A4b,  A4c,  A4d,  and  A4e. 

£(1)  A  uniform  distributed  load  (Figure  A4b)  may  only  be 
applied  to  a  horizontal  surface. 

£(2)  Distributed  strip  and  triangular  loads  must  be  applied 
to  a  horizontal  segment  of  the  rightside  surface. 

£(3)  A  ramp  load  may  be  applied  only  on  a  horizontal  sur¬ 
face  or  on  the  extension  of  a  final  horizontal  segment 
of  an  irregular  surface. 

£(4)  A  rightside  surface  point  may  not  lie  within  the 
limits  of  a  distributed  load. 

12.  Horizontal  Line  Loads  (see  Figure  A5a) 

a.  Load  units  are  assumed  to  be  pounds  per  lineal  foot  (PLF) . 

b.  Zero  (0)  to  four  (4)  horizontal  line  loads  may  be  applied 
anywhere  at  or  below  the  top  of  the  wall. 

c.  Positive  horizontal  loads  act  to  the  left. 
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PVERT(l) 


Rightside  Surface 


XPVERT (2 ) 


(a)  Vertical  Line  Loads 


PMOR 


MOREL 


PHOR 

MOREL 


(a)  Morizontal  Line  Loads 


(b)  Horizontal  Distributed  Load 
Figure  A5.  Morizontal  applied  loads 


Horizontal  Applied  Pressure  Distribution  (see  Figure  A5b) 

a.  A  general  applied  pressure  distribution  is  assumed  to  be 
described  by  pairs  of  values  giving  the  elevation  and 
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magnitude  of  pressure  for  up  to  twelve  points.  The  distri¬ 
bution  is  assumed  to  be  linear  between  adjacent  points. 

b.  Points  must  be  supplied  in  sequential  order  with  elevations 
progressing  downward. 

.  Dual  pressure  values  at  a  single  elevation  are  not  permitted. 

The  elevation  of  the  first  point  must  be  at  or  below  the  top 
of  the  wall. 

e.  All  pressure  values  must  have  the  same  sign  (either  positive 
or  negative) . 

f_.  At  least  two  points  are  required  to  describe  a  distribution. 

g_.  Pressure  units  are  assumed  to  be  pounds  per  square  foot 
(PSF )  . 

14.  Input  Data 

a.  Input  data  may  be  entered  during  execution  from  the  user's 
terminal  or  may  be  stored  in  a  permanent  file  before  the 
program  is  executed.  The  file  name  must  be  one  (1)  to  six 
(6)  alphanumeric  characters  beginning  with  an  alphabetic 
character. 

b.  Data  are  read  in  free  field  format. 

b(l)  Data  items  on  lines  designated  (alphanumeric)  must  be 
separated  by  one  or  more  blanks. 

b(2)  Data  items  on  lines  designated  (numeric)  may  be  sepa¬ 
rated  by  commas. 

b(3)  Integer  number  values  must  be  of  form  NNNN. 

b(4)  Real  number  values  may  be  of  form  XXXX,  XX. XX, 

X.XXE+ee. 

£.  Each  line  in  a  data  file  must  begin  with  a  nonzero  integer 
line  number  denoted  LN  below.  Line  numbers  are  not  required 
when  data  are  entered  during  execution  from  the  user's  ter¬ 
minal  . 

d.  Input  data  lines  must  be  in  the  sequence  described  below. 

Line  descriptors  enclosed  in  brackets  [  ]  or  braces  {  }  may 
not  be  required. 

e_.  Lower  case  words  enclosed  by  single  quotes,  in  the  descrip¬ 
tion  below  indicate  alphanumeric  information. 

_f .  All  alphanumeric  keywords  may  be  abbreviated  with  the  under¬ 
lined  character (s) . 

15.  Input  Data  Sequence  and  Description 

a.  Header — One  (1)  to  four  (4)  lines  are  provided  for  identify¬ 
ing  the  run. 

a(l)  Header  Line  1  (alphanumeric)  *- 

(a)  Contents 

[LN]  NLINES  'heading' 
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(b)  Definitions 


[LN]  =  line  number  (not  required  if  data 

entered  during  execution  from  user's 
terminal ) 

NUNES  =  total  number  of  header  lines  =  integer 
1  to  4 

'header'  =  any  alphanumeric  information 

(c)  Total  characters  on  Header  Line  1  including  LN, 
NLINES,  'heading,'  and  embedded  blanks  must  be 
<  80.  Blank  'heading'  is  not  permitted. 

a  (2)  Header  Lines  2  to  NLINES  ([data]  not  required  if 
NLINES  =  1)  (alphanumeric) 

(a)  Contents 

[LN] [ ' heading ' ] 

(b)  Total  characters  including  LN,  'heading,'  and  em¬ 
bedded  blanks  must  be  s  80.  Blank  'heading'  is 
not  permitted. 

b.  Wall  Type,  Mode,  Method — One  (1)  Line  (alphanumeric) 
b(l)  Contents 

[LN]  'type'  'mode'  [nmethods]  [’methods'] 
b(2)  Definitions 

'type'  =  CANTILEVER  or  ANCHORED 
'mode'  =  ANALYSIS  or  DESIGN 

[nmethods]  (not  required  if  'type'  =  CANTILEVER) 

=  integer  1  to  5  indicating  the  number  of 
methods  described  below  to  be  used  in 
ANALYSIS  or  DESIGN  of  an  anchored  wall 

['methods']  (not  required  if  'type'  =  CANTILEVER) 

1  to  T>  of  the  following  codes 

=  FR  for  Free  Earth  Method 
=  FI_  for  Fixed  Earth  Method 
=  EB  for  Equivalent  Beam  Method 

=  EM  for  Equal  Moment  Method 
=  TE  for  Terzaghi  Method 
£.  Wall  Description — One  (1)  Line  (numeric) 

c (1)  Contents  if  'type'  =  CANTILEVER  and  'mode'  =  DESIGN 
[LN]  TOPEL  FS 

c(2)  Contents  if  'type'  =  CANTILEVER  and  'mode'  =  ANALYSIS 
[LN]  TOPEL  BOTEL  EMOD  SECMOM 

c(3)  Contents  if  'type'  =  ANCHORED  and  'mode'  =  DESIGN 
[LN]  TOPEL  ANCHEL  FS 

All 
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c(4)  Contents  if  'type'  =  ANCHORED  and  ’mode'  =  ANALYSIS 
[LN]  TOPEL  ANCHEL  BOTEL  EMOD  SECMOM 
c(5)  Definitions 

TOPEL  =  elevation  of  top  of  wall  (FT) 

ANCHEL  =  elevation  of  anchor  (FT) 

BOTEL  =  elevation  of  bottom  of  wall  (FT) 

FS  =  factor  of  safety 

EMOD  =  modulus  of  elasticity  (PSI) 

4 

SECMOM  =  moment  of  inertia  (IN  ) 

d.  Rightside  Soil  Description — Three  (3)  to  twenty-two  (22) 
lines 

d(l)  Control — One  (1)  line  (numeric) 

(a)  Contents 

[LN]  NSURRT  NLAYRT 

(b)  Definitions 

NSURRT  =  number  of  rightside  surface  points  (1  to  15) 

NLAYRT  =  number  of  rightside  soil  layers  (1  to  15) 

d(2)  Rightside  Surface  Point  Coordinates — ({data}  not  re¬ 
quired  if  NSURRT  =  1)  (numeric) 

(a)  Surface  Point  Elevations,  NSURRT  Values,  five  (5) 
per  line 

[LN]  SURELR(l)  { SURELR (2 )... SURELR (NSURRT) } 

(b)  Surface  Point  X-Coordinates,  NSURRT-1  Values, 
five  (5)  per  line,  omit  entire  line  if  NSURRT 
=  1 

[LN]  {XSURRT (2) .. .XSURRT (NSURRT) } 

(c)  Definitions 

SURELR (I)  =  elevation  of  Ith  surface  point  (FT) 

XSURRT ( I )  =  distance  from  wall  to  Ith  surface 
point  (FT) 

Point  numbers  start  with  1  at  wall  and  proceed 
in  sequence  away  from  wall 

d ( 3 )  Rightside  Soil  Layer  Data — NLAYRT  lines  (numeric) 

({data}  not  required  for  I  =  NLAYRT) 

(Layer  1  is  surface  layer,  layers  proceed  sequential¬ 
ly  downward) 

(a)  Contents 

[LN]  GAMRT(I)  PHIRT(I)  CRT(I)  DELTRT(I) 
{ELLAYR(I),  SLOPER(I)} 
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(b)  Definitions 


GAMRT ( I ) 
PHIRT(I) 
CRT (I) 
DELTRT  ( I ) 


unsubmerged  unit  weight  (PCF) 
angle  of  internal  friction  (DEG) 
cohesion  (PSF) 

angle  of  wall  friction  (DEG) 


ELLAYR (I )  -  elevation  at  wall  of  boundary  be¬ 
tween  layer  I  and  layer  I  +  1  (FT) 

SLOPER(I)  =  slope  of  boundary  between  layer  I 

and  layer  I  +  1  (FT)  (interpreted  as 
rise  per  foot,  positive  if  boundary 
slopes  up  away  from  wall) 


e.  Leftside  Soil  Description — Three  (3)  to  twenty-two  (22) 
lines 


e(l)  Control — One  (1)  line  (numeric) 

(a)  Contents 

[LN]  NSURLT  NLAYLT 

(b)  Definitions 

NSURLT  =  number  of  leftside  surface  points  (1 
to  15) 

NLAYLT  =  number  of  leftside  soil  layers  (1  to 
15) 

e (2)  Leftside  Surface  Point  Coordinates — ({data}  not  re¬ 
quired  if  NSURLT  =  1)  (numeric) 

(a)  Surface  Point  Elevations,  NSURLT  Values,  five  (5) 
per  line 

[LN]  SURELL ( 1 )  {SURELL (2) .SURELL (NSURLT) } 

(b)  Surface  Point  X-Coordinates,  NSURLT-1  Values, 
five  (5)  per  line,  omit  entire  line  if  NSURLT 
=  1 

[LN]  {XSURLT (2) . . .XSURLT (NSURLT) } 

(c)  Definitions 

SURELL (I)  =  elevation  of  Ith  surface  point  (FT) 

XSURLT (I)  =  distance  from  wall  to  Ith  surface 
(FT) 

Point  numbers  start  with  1  at  wall  and  proceed 
in  sequence  away  from  wall 

e(3)  Leftside  Soil  Layer  Data — NLAYLT  lines 
({data}  not  required  for  I  =  NLAYLT) 

(a)  Contents 

[LN]  GAMLT(I)  PHILT(I)  CLT(I)  DELTLT ( I ) 
{ELLAYL(T),  SLOPED (I)} 
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(b)  Definitions 


GAMLT(I) 
PHXLT(I) 
CLT(X) 
DELTLT ( I ) 
ELLAYL ( I ) 

SLOPEL (I) 


unsubmerged  unit  weight  (PCF) 
angle  of  internal  friction  (DEG) 
cohesion  (PSF) 

angle  of  wall  friction  (DEG) 

elevation  at  wall  of  boundary  be¬ 
tween  layer  I  and  layer  I  +  1  (FT) 

slope  of  boundary  between  layer  I 
and  layer  I  +  1  (FT)  (interpreted 
as  rise  per  foot,  positive  if  bound¬ 
ary  slopes  up  away  from  wall) 


f.  Water  Data — One  (1)  line  (numeric) 
f_  (1)  Contents 

[LN]  WATELR  WATELL  GAMWAT  SEEP 
.f  (2)  Definitions 

WATELR  =  water  elevation  on  rights ide  (FT) 

WATELL  =  water  elevation  on  left  side  (FT) 

GAMWAT  =  unit  weight  of  water  (PCF)  (If  GAMWAT  input 
as  zero,  default  to  GAMWAT  =62.4.  If 
GAMWAT  input  as  negative,  water  effects  are 
not  considered) 

SEEP  =  seepage  gradient  FT/FT) 


£.  Vertical  Loads  on  Rightside — One  (1)  to  three  (3)  lines 
( a lpha  numer ic ) 

£ ( 1 )  Control — One  (1)  line 

(a)  Contents 

[LN]  NPVERT  'distributed  load' 

(b)  Definitions 

NPVERT  =  number  of  vertical  concentrated  loads 
(0  to  4) 

'distributed  load'  =  NONE  if  no  distributed  load 
=  UNIFORM  for  uniform  load 
=  STRIP  for  strip  load 
=  RAMP  for  ramp  load 
=  TRIANGULAR  for  triangular 
load 
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g(2)  Vertical  Line  Loads — Zero  (0)  or  one  (1)  line 
((data]  not  required  if  NPVERT  =  0) 

(a)  Contents 

[LN]  [XPVERT (I )  PVERT(I) . . .XPVERT (NPVERT) 

PVERT (NPVERT) ] 

(b)  Definitions 

XPVERT (1)  =  distance  of  Ith  load  from  wall  (FT) 

PVERT(I)  =  magnitude  of  Ith  load  (PLF) 

g(3)  Distributed  Vertical  Load — Zero  (0)  or  one  (1)  line 
(numeric:) 

([data]  not  required  if  'distributed  load'  =  NONE) 
({data}  not  required  if  'distributed  load'  ^ 
TRIANGULAR) 

(a)  Contents 

[LN]  [XI  X2  {X3}  Q] 

(b)  Definitions 

XI  =  distance  from  wall  to  start  of  STRIP, 

RAMP,  or  TRIANGULAR  load  (FT) 

X2  =  width  of  STRIP  distribution  (FT) 

=  width  of  increasing  load  for  RAMP  or 
TRIANGULAR  (FT) 

X3  =  width  of  decreasing  load  for  TRIANGULAR 
(FT) 

Q  =  magnitude  of  maximum  distributed  load 
(PSF ) 

Only  LN  and  Q  are  required  for  UNIFORM  distri¬ 
buted  load 

Horizontal  Loads — One  (1)  to  five  (5)  lines  (numeric) 
h(l)  Control — One  (1)  line 

(a)  Contents 

[LN]  NPHOR  NHORPR  EQACC 

(b)  Definitions 

NPHOR  =  number  of  horizontal  line  loads  (0  to  4) 

NHORPR  =  number  of  points  for  horizontal  distri¬ 
bution  =  integers  0  or  2  to  12 

EQACC  =  earthquake  acceleration  (G's),  positive 
number,  0.0  <  EQACC  <  1.0 

h(2)  Horizontal  Line  Loads--Zero  (0)  or  one  (1)  line 
([data]  not  required  if  NPHOR  =  0)  (numeric) 

(a)  Contents 

[LN]  [MOREL (1)  PHOR(l) .. .HOREL (NPHOR) 

PHOR (NPHOR) ] 
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(b)  Definitions 


HOREL(I)  =  elevation  of  Ith  load  (FT) 

PHOR(I)  =  magnitude  of  Ith  load  (PLF) 

h(3)  Horizontal  Pressure  Distribution — Zero  (0)  to  three 
(3)  lines 

([data]  not  required  if  NHORPR  =  0)  (numeric) 

NHORPR  pairs  of  values,  four  (4)  pairs  per  line 

(a)  Contents 

[LN]  [ELPR(l)  HORPR(l) .. . ELPR ( NHORPR) 

HORPR (NHORPR) ] 

(b)  Definitions 

ELPR (I)  =  elevation  of  Ith  pressure  point  (FT) 

HORPR (I)  =  horizontal  pressure  at  ELPR (I)  (PSF) 

Point  numbers  start  at  top  point  and  proceed 
sequentially  downward 


Abbreviated  Input  Guide 


16.  Notation 

.  Data  items  enclosed  in  brackets  [  ]  may  not  be  required 

Data  items  enclosed  in  braces  {  }  indicate  choose  one  (or 
more) 

17.  Input 

a.  Header — One  (1)  to  four  (4)  lines 
LN  NLINES  'heading' 

[LN  'heading'] 

[LN  'heading'] 

[LN  'heading'] 

b.  Wall  Type,  Mode,  Method — One  (1)  line 


£.  Wall  Description — One  (1)  line 

LN  TOPEL  {ANCHEL}  {BOTEL}  {EMOD}  {SECMOM}  {FS} 
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d.  Rightside  Soil  Description — Three  (3)  to  twenty-two  (22) 
lines 

d(l)  Control — One  (1)  line 
LN  NSURRT  NLAYRT 

d(2)  Rightside  Surface  Point  Coordinates — One  (1)  to  six 
(6)  lines 

LN  SURELR ( 1 )  [SURELR (2) ... SURELR (NSURRT) ) 

[LN  XSURRT (2) .. . XSURRT (NSURRT) ] 

d(3)  Rightside  Soil  Layer  Data — One  (1)  to  fifteen  (15) 
lines 

LN  GAMRT(I)  PHIRT(I)  CRT(I)  DELTRT(I)  [ELLAYR (I) 
SLOPER (I ) ] 

e.  Leftside  Soil  Description — Three  (3)  to  twenty-two  (22) 
lines 

£(1)  Control — One  (1)  line 
LN  NSURLT  NLAYLT 

e ( 2 )  Leftside  Surface  Point  Coordinates--One  (1)  to  six  (6) 
lines 

LN  SURELL(l)  [SURELL (2 )... SURELL (NSURLT) ] 

[ LN  XSURLT ( 2 ) . . . XSURLT (NSURLT ) ] 

e(3)  Leftside  Soil  Layer  Data — One  (1)  to  fifteen  (15) 
lines 

LN  GAMLT(I)  PHILT(I)  CLT(I)  DELTLT ( I )  [ELLAYL (I) 
SLOPEL ( I ) ] 

£_.  Water  Data — One  (1)  line 

LN  WATELR  WATELL  GAMWAT  SEEP 
£.  Vertical  Loads  on  Rightside — One  (1)  to  three  (3)  lines 
£(1)  Control — One  (1)  line 
/  NONE 
UNIFORM 

LN  NPVERT <  STRIP 
RAMP 

, TRIANGULAR 

£(2)  Vertical  Line  Loads — Zero  (0)  or  one  (1)  line 

[LN  XPVERT ( 1 )  PVERT(l) . . .XPVERT (NPVERT) 

PVERT (NPVERT) ] 

£(3)  Distributed  Vertical  Load — Zero  (0)  or  one  (1)  line 
[LN  {XI}  {X2 }  {X3 }  Q] 
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h.  Horizontal  Loads — One  (1)  or  two  (2)  lines 


h(l)  Control — One  (1)  line 

LN  NPHOR  NHORPR  EQACC 

h(2)  Horizontal  Line  Loads — Zero  (0)  or  one  (1)  line 

[LN  HOREL(l)  PH0R(1) .. .HOREL( NPHOR)  PHOR (NPHOR)) 

h(3)  Horizontal  Pressure  Distribution — Zero  (0)  to  three 
(3)  lines 

[LN  ELPR(l)  HORPR(l) .. . ELPR ( NHORPR)  HORPR ( NHORPR ) ] 
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APPENDIX  B:  EXAMPLE  SOLUTIONS 
FOR  CANTILEVER  WALLS 


PROBLEM  "CANTl" 

Cantilever  Retaining  Mall  Design-Granular  Soil 


B2 


m.  a**-'  : 
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PROGRAM  SHTWAL  -  DESIGN/ANALYSIS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  12/12/80  TIME:  13:99:05 


ARE  INPUT  DATA  TO  BE  READ  FROM  TERMINAL  OR  FILE’ 
ENTER  'TERMINAL'  OR  'FILE' 

I>FILE 

ENTER  INPUT  FILE  NAME  (6  CHARACTERS  MAXIMUM) 

I >CAN  T  1 

INPUT  COMPLETE.  NO  ERRORS  DETECTED 

DO  Y°U  WAf’T  T0  EDIT  INPUT  DATA?  ENTER  'YES'  OR  'NO' 

DO  YOU  WANT  INPUT  DATA  ECHOPRINTED  TO  YOUR 
TERMINAL,  TO  A  FILE,  TO  BOTH,  OR  NEITHER? 

ENTER  'TERMINAL',  'FILE',  'BOTH',  OR  'NEITHER' 


1000  3  PROBLEM  -  CANT  1  -  CANTILEVER  WALL  DESIGN  - 
1010  FROM  'FOUNDATION  ANALYSIS  AND  DESIGN'  BY 

1020  EXAMPLE  13-2,  PP  421-423 

1030  C  D 
1040  20  1 
1050  1  2 
1060  20 

1070  110  30  0  17  10  0 
1080  122.5  30  0  17 
1090  1  1 
1100  0 

1110  122.5  30  0  17 
1120  10  10  62.5  1 
1130  0  N 
1140  000 
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GRANULAR  SOIL 
J.  E.  BOWLES 


PROGRAM  SHTWAl  -  DES I GN/ AH A L Y5I S  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  12/12/80  TIME:  13=49:54 

1.  INPUT  DATA 

1 .A. --HEADING 

PROBLEM  -  CANT  1  -  CANTILEVER  WALL  DESIGN  -  GRANULAR  SOIL 
FROM  'FOUNDATION  ANALYSIS  AND  DESIGN'  BY  J.  E.  BOWLES 
EXAMPLE  13-2,  PP  421-423 


1 . B . --WALL  TYPE,  MODE,  METHOD 
CANTILEVER  WALL  DESIGN 


1.C.--WALL  DESCRIPTION 

TOP  OF  WALL  ELEVATION  =  20.00  (FT) 

FACTOR  OF  SAFETY  =  1.00 


l.D. --RIGHT 

SIDE  SOIL  DESCRIPTION 

NUMBER 

OF 

RIGHT  SIDE 

SURFACE  POINTS  = 

1 

NUMBER 

OF 

RIGHT  SIDE 

SOIL  LAYERS  = 

2 

RIGHT  SIDE 

SURFACE  POINT  COORDINATES 

POINT 

ELEVATION 

x- 

COORD 

NO. 

(FT) 

(FT) 

1 

20 .00 

0.00 

RIGHT 

SIDE  SOIL 

LAYER  DATA 
INTLRNAL 

WALL 

BOTTOM 

LAYER  UNIT 

FRICTION 

FRICTION 

ELEV 

NO. 

WEIGHT 

ANGLE 

COHESION  ANGLE 

AT  WALL 

( PCF  ) 

(DEG) 

( PSF ) 

(DEG) 

(FT) 

I 

110.00 

30.00 

0.00 

17.00 

10.00 

2 

122.50 

30 .00 

0.00 

17.00 

BOTTOM 

SLOPE 

(FT/FT) 

1  =  0.0 
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1 .  E  .  --LEFT  SIDE  SOU  DESCRIPTION 

NUMBER  OF  LEFT  SIDE  SURFACE  POINTS  =  1 
NUMBER  OF  LEFT  SIDE  SOIL  LAYERS  =  1 


LEFT  SIDE  SURFACE  POINT  COORDINATES 
POINT  ELEVATION  X-CCORD 

NO.  (FT)  (FT) 

1  0.00  0.00 


LEFT  SIDE  SOIL  LAYER  DATA 


LAYER 

UNIT 

INTERNAL 

FRICTION 

WALL 

FRICTION 

BOTTOM 

ELEV 

BOTTOM 

NO. 

WEIGHT 

ANGLE 

COHESION 

ANGLE 

AT  WALL 

SLOPE 

(PCF) 

(DEG) 

( PS F ) 

(DEG) 

(  FT  ) 

(FT/FT) 

1 

122.50 

30.00 

0.00 

17.00 

l.F. --WATER  DATA 

RIGHT  SIDE  ELEVATION 
LEFT  SIDE  ELEVATION 
WATER  UNIT  WEIGHT 
PRESSURE  REDUCTION  OPTION 


10.00  (FT) 
10.00  (FT) 
62.50  ( PCF ) 
1 


l.G. --SURCHARGE  LOADS 

NUMBER  OF  LINE  LOADS  =  0 

DISTRIBUTED  LOAD  DISTRIBUTION  =  NONE 


l.H. --HORIZONTAL  LOADS 

NUMBER  OF  HORIZONTAL  LINE  LOADS 
NUMBER  OF  HORIZONTAL  PRESSURE  POINTS 
EARTHQUAKE  ACCELERATION 


0 

0 

0.00  (G'S) 


DO  YOU  WANT  A  PLOT  OF  INPUT  GEOMETRY? 
ENTER  ’YES’  OR  'NO' 

I  >N 


INPUT  SEQUENCE  COMPLETE. 

DO  YOU  WANT  TO  CONTINUE  SOLUTION? 
ENTER  'YES'  OR  'NO' 
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DO  YOU  l-JANT  ACTIVE  AND  PASSIVE  SOIL  PRESSURES 
PRINTED  AT  YOUR  TERMINAL?  ENTER  'YES'  OR  'NO' 

I  >Y 

ENTER  ELEVATION  (FT)  BELOW  0.00  (FT) 

TO  WHICH  PRESSURES  ARE  DESIRED 
I>-20 


PROGRAM  SHTWAL  -  DESIGN/ANALYSIS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  12/12/80  TIME:  13:52:19 

HEADING 

PROBLEM  -  CANT1  -  CANTILEVER  WALL  DESIGN  -  GRANULAR  SOIL 
FROM  'FOUNDATION  ANALYSIS  AND  DESIGN'  BY  J.  E.  BOWLES 
EXAMPLE  13-2,  PP  421-423 


ACTIVE  AND  PASSIVE  SOIL  PRESSURES 


SOIL  PRESSURES  DETERMINED  BY  COULOMB  COEFFICIENTS. 

WATER  PRESSURES  AND  PRESSURES  DUE  TO  SURCHARGES  ARE  NOT  INCLUDED. 


LEFT  SIDE 


RIGHT  SIDE 


ELEV 

ACTIVE 

PASSIVE 

ACTIVE 

PASSIVE 

(FT) 

(P5F) 

( PS  F ) 

CPSF) 

( PSF) 

20.00 

0.00 

0  .  00 

0  .  00 

0.00 

19.00 

0.00 

0  .  00 

32.94 

592.35 

18.00 

0  .  00 

0.00 

65.88 

1184.70 

17.00 

0.00 

0.00 

98.81 

1777.05 

16.00 

0.00 

0.00 

131.75 

2369.41 

15.00 

0  .  CO 

0.00 

164.69 

2961.76 

19.00 

0  .  00 

0.00 

197.63 

3554.11 

13.00 

0.00 

0.00 

230.57 

4146.46 
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12.00 

0.00 

0.00 

263.51 

4738.81 

11.00 

0.00 

0.00 

296.44 

5331 . 16 

10.00 

0.00 

0.00 

329.38 

5923.52 

9.00 

0.00 

0.00 

347.35 

6246 .62 

8.00 

0  .  CO 

0.00 

365.31 

6569.72 

7.00 

0  .  00 

0.00 

383.28 

6892.82 

6.00 

0.00 

0.00 

401.25 

7215.92 

5.00 

0.00 

0.00 

419.21 

7539 .02 

4.00 

0.00 

0.00 

437.18 

7862 . 12 

3.00 

0.00 

0.00 

455.15 

8185.22 

2.00 

0  .  00 

0.  00 

473.11 

8508.32 

1.00 

0.00 

0.00 

491.08 

8831.42 

0.00 

0.00 

0.  00 

509.05 

9154.53 

“1.00 

17  .  97 

323.10 

527.01 

9477.63 

“2.00 

35.93 

646.20 

544 . 98 

9800.73 

“3.00 

53.90 

969.30 

562.94 

10123.83 

-4.00 

71.87 

1292.40 

580. 91 

10446. 93 

“5.00 

89.83 

1615.50 

598.88 

10770.03 

“6.00 

107.80 

1938.61 

616.84 

11093.13 

“7.00 

125.76 

2261.71 

634.81 

11416 .23 

“8.00 

143.73 

2584.81 

652.78 

11739.33 

-9.00 

161.70 

2907 . 91 

670.74 

12062.43 

-10.00 

179.66 

3231.01 

688.71 

12385.53 

-11.00 

197.63 

3554  .1  1 

706.67 

12708.64 

-12.00 

215.60 

3377.21 

724.64 

13031.74 

-13.00 

233.56 

4200.31 

742.61 

13354.84 

-14.00 

251.53 

4523.41 

760.57 

13677 . 94 

-15 .00 

269.49 

4346.51 

778 . 54 

14001.04 

-16.00 

287.46 

5169.61 

796 .51 

14324 . 14 

-17.00 

305.43 

5492.72 

814.47 

14647 . 24 

-18.00 

323.39 

5815.82 

832.44 

14970.34 

-19.00 

341.36 

6138.92 

S50 .41 

15293.44 

-20.00 

359.33 

6462.02 

868.37 

15616.54 

I>T 


SOLUTION  COMPLETE 
DO  YOU  WANT  RESULTS  PRINTED 
WRITTEN  TO  A  FILE,  OR  BOTH? 
ENTER  'TERMINAL',  'FILE',  OR 


AT  YOUR  TERMINAL 
'BOTH' 


BIO 


PROGRAM  SHTWAL  -  DESIGN/ANALYSIS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  12/12/80  TIME:  13=55=01 

2.  RESULTS 

2.  A. —HEADING 

PROBLEM  -  CANT  1  -  CANTILEVER  WALL  DESIGN  -  GRANULAR  SOIL 
FROM  'FOUNDATION  ANALYSIS  AND  DESIGN’  BY  J.  E.  BOWLES 
EXAMPLE  13-2,  PP  421-423 


2. B. --SUMMARY  OF  RESULTS  FOR  CANTILEVER  WALL  DESIGN 


SOIL  PRESSURES  DETERMINED  BY  COULOMB 
COEFFICIENTS  AND  THEORY  OF  ELASTICITY 
EQUATIONS  FOR  SURCHARGE  LOADS 


WALL  BOTTOM: 

PENETRATION  = 
ELEVATION  = 


BENDING  MOMENT: 
MAXIMUM 
ELEVATION 


SCALED  DEFLECTION: 
MAXIMUM  = 

ELEVATION  = 


16.8  (FT) 
-16.8  (FT) 


-78392.  (LB-FT) 
-8.1  (FT) 


5.00E+10  (LB-IN3) 
20.0  (FT) 


(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN**4  TO  OBTAIN  DEFLECTION  IN  INCHES) 


DO  YOU 
ENTER 

I  >  Y 


WANT  COMPLETE  RESULTS  OUTPUT? 
YES'  OR  'NO' 


Bll 


-COMPLETE 

RESULTS  FOR 

CANTILEVER 

WALL  DESIGN 

BENDING 

SCALED 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

(FT) 

(LB-FT) 

(LB) 

(LB-IN3) 

( PSF ) 

20 .00 

-0  . 

0  . 

5  .  00E  +  10 

0.00 

19.00 

-5. 

-16  . 

4 . 8  0  E  *•  1  0 

32.94 

18.00 

-44  . 

-66  . 

4.61E+10 

65.88 

17.00 

-148  . 

-148  . 

4.41E+10 

98.81 

16.00 

-351  . 

-264  . 

4 . 21E+10 

131.75 

15.00 

-686  . 

-412. 

4  .  01L  +  10 

164.69 

14.00 

-1186  . 

-593  . 

3 .81E  +  10 

197.63 

13.00 

-1883. 

-80  7  . 

3 . 62E  +  10 

230.57 

12.00 

-2811. 

-1054 . 

3 . 42E  +  10 

263.51 

11.00 

-4002 . 

-1334. 

3.22E+10 

296.44 

10.00 

-5490 . 

-  1647  . 

3.  03E  +  10 

329 . 38 

9.00 

-7304. 

-1985 . 

2 .83E  +  10 

347.35 

8.00 

-  9466  . 

-2342 . 

2 . 64E  +  10 

365.31 

7.00 

-1  1994  . 

-2716. 

2 . 45E+10 

383.28 

6.00 

-14904  . 

-31  ns  . 

2 . 26E+ 1 0 

401.25 

5.00 

-18216  . 

-3518 . 

2.  07E+10 

419.21 

4.00 

-21947  . 

-3947  . 

1  .88E+10 

437.18 

3.00 

-26115. 

-4393 . 

1  .  70E+10 

455.15 

2.00 

-30738 . 

-4357. 

1  .  53E  +  10 

473.11 

1.00 

-35835. 

-5339. 

1  .  36E  +  10 

491 . 08 

0.00 

-41422 . 

-5839. 

1  .  19E+10 

509.05 

-1.00 

-47465. 

-6196 . 

1  .  04E+10 

203. 91 

-1.67 

-51636 . 

-6264  . 

9.  34E  +  09 

0 .00 

-3.00 

-59857 . 

-5993. 

7 .46E+09 

-406 . 36 
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-  A  .  0  0 

-65596  . 

-5434  . 

6 . 17E+09 

-711.49 

-5  .00 

-70624  . 

-4570  . 

4 . 98E+09 

-1016.63 

-6.00 

-74635. 

-3401  . 

3.92E+09 

-1321.76 

-7.00 

-77324  . 

-1  927  . 

2.99E+09 

-1626 . 90 

-8.00 

-78386  . 

-147  . 

2. 19E+09 

-1932.03 

-9.00 

-77516  . 

1937  . 

1 .53E+09 

-2237 .17 

-10.00 

-74409. 

4327  . 

1 . 00E+09 

-2542.30 

-11.00 

-68760  . 

7022. 

6 . 02E+08 

-2847.43 

-12.00 

-60263  . 

10022  . 

3.20E+08 

-3152.57 

-13.00 

-48614. 

13327  . 

1 .41E+08 

-3457  .  70 

-13.74 

-37752. 

1  597  7  . 

6 . 39E+07 

-3684 . 14 

-14.36 

-27382. 

17118. 

2.72E+07 

0  .  00 

-15.74 

-6358  . 

11452. 

1.0 1E+06 

8209.62 

-16.76 

-0  . 

-0  . 

0  . 

14268.88 

(NOTE1  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  I N x x 4  TO  OBTAIN  DEFLECTION  IN 

INCHES) 

DO  YOU  WANT  GEOMETRY  AND/OR  RESULTS  PLOTTED? 

ENTER  'GEOMETRY',  'RESULTS',  'DOTH'.  OR  'NEITHER' 

I  >N 

OUTPUT  COMPLETE 

DO  YOU  WANT  TO  EDIT  INPUT  DATA  FOR  THE 
PROBLEM  JUST  COMPLETED?  ENTER  'YES*  OR  'NO' 

I  >N 

DO  YOU  WANT  TO  MAKE  ANOTHER  RUN?  ENTER  'YES'  OR  'NO' 

I>N 

xxxxxxxxxx  NORMAL  TERMINATION  xxxxxxxxxx 
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Verification  of  Problem  "CANT1"  (Sheet  2  of  6) 


Verification  of  Problem  "CANT1 "  (Sheet  3  of  6) 
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PROGRAM  SHTWAL  -  DES IGN/AN AL YS I S  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE :  12/12/80  TIME:  14=15:46 


ARE  INPUT  DATA  TO  BE  READ  FROM  TERMINAL  OR  FILE? 

ENTER  'TERMINAL'  OR  'FILE' 

I  >  F 

ENTER  INPUT  FILE  NAME  (6  CHARACTERS  MAXIMUM) 

I>CANT  1 

INPUT  COMPLETE.  NO  ERRORS  DETECTED 

DO  YOU  WANT  TO  EDIT  INPUT  DATA?  ENTER  'YES'  OR  'NO' 

I>Y 

DO  YOU  WANT  A  LISTING  OF  CURRENT  INPUT  DATA? 

ENTER  'YES'  OR  'NO' 

I  >N 

FOLLOWING  ARE  IDENTIFIERS  FOR  SECTIONS  OF  INPUT  DATA 
SECTION  ID  SECTION  CONTENTS 

A  HEADING 

B  WALL  TYPE, MODE, METHOD 

C  WALL  DESCRIPTION 

D  RIGHT  SIDE  SOIL  DESCRIPTION 

E  LEFT  SIDE  SOIL  DESCRIPTION 

F  WATER  DATA 

G  SURCHARGE  LOAD  DATA 

H  HORIZONTAL  LOAD  DATA 


ENTER  ID  FOR  DATA  SECTION  TO  BE  CHANGED 

I  >  A 

ENTER  NUMBER  OF  HEADER  LINES  (1  TO  4) 

I  >2 

ENTER  FIRST  HEADER  LINE  (1  TO  70  CHARACTERS) 
I >PROBL EM  -  CANT1A  -  SAME  AS  PROBLEM  CANT1  EXCEPT 

ENTER  SECOND  HEADER  LINE  (1  TO  70  CHARACTERS) 
I>ANALYZE  FOR  BOTTOM  OF  WALL  AT  EL  -16.76 


DO  YOU  WANT  TO  CHANGE  ANOTHER  SECTION?  ENTER  'YES'  OR  ’NO' 

I  >Y 

ENTER  ID  FOR  DATA  SECTION  TO  BE  CHANGED 

I  >B 

ENTER  WALL  TYPE:  • CANT  ’  OR  'ANCH' 

I>C 

ENTER  MODE:  ’DESIGN’  OR  'ANALYSIS' 

I  >  A 

CHANGE  IN  MODE  ALSO  REQUIRES  CHANGE  IN  WALL  DESCRIPTION 


WALL  DATA,  ENTER  VALUES  UNDER  HEADINGS 


ELEVATION  AT  MODULUS  MOMENT 

TOP  OF  BOTTOM  OF  OF 

WALL  OF  WALL  ELASTICITY  INERTIA 

(FT)  (FT)  (PSI)  (IN**4> 

I>  20.0  -16.76  29.0E06  220.4 

DO  YOU  WANT  TO  CHANGE  ANOTHER  SECTION?  ENTER  'YES'  OR  'NO' 

I  >N 

DO  YOU  WANT  INPUT  DATA  ECHOPRINTED  TO  YOUR 
TERMINAL,  TO  A  FILE,  TO  BOTH,  OR  NEITHER? 

ENTER  'TERMINAL',  'FILE',  'BOTH*,  OR  'NEITHER' 

I  >T 
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PROGRAM  SHTWAl  -  DESIGN/ANALYSIS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  12/12/80  TIME:  14:19=58 

1.  INPUT  DATA 


1 .A. --HEADING 


PROBLEM  -  CANT  1 A  -  SAME  AS  PROBLEM  CANT  1 
ANALYZE  FOR  BOTTOM  OF  WALL  AT  EL  -16.76 


EXCEPT 


1 . B . --WALL  TYPE,  MODE,  METHOD 
CANTILEVER  WALL  ANALYSIS 


1 . C . --WALL  DESCRIPTION 

TOP  OF  WALL  ELEVATION  =  20.00  (FT) 

BOTTOM  OF  WALL  ELEVATION  -  -16.76  (FT) 

MODULUS  OF  ELASTICITY  =  2.900E+07  (PSI) 
MOMENT  OF  INERTIA  =  2.204E+02  (IN**4) 


1 .D. --RIGHT 
NUMBER 
NUMBER 


SIDE  SOIL  DESCRIPTION 
OF  RIGHT  SIDE  SURFACE  POINTS 
OF  RIGHT  SIDE  SOIL  LAYERS 


1 

2 


RIGHT 

POINT 

NO. 

1 


SIDE 


SURFACE  POINT 
ELEVATION 
(FT) 

20.00 


COORDINATES 

X-COORD 

(FT) 

0 .00 


RIGHT 

LAYER 

SIDE  SOIL 

UNIT 

LAYER  DATA 

INTERNAL 

FRICTION 

WALL 

FRICTION 

BOTTOM 

ELEV 

NO  . 

WEIGHT 

ANGLE 

COHESION 

ANGLE 

AT  WALL 

(PCF) 

(DEG) 

( PSF ) 

(DEG) 

(FT) 

1 

110.00 

30.00 

0.00 

17.00 

10.00 

2 

122.50 

30.00 

0.00 

17.00 

BOTTOM 

SLOPE 

(FT/FT) 

1:0.0 
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l.E. —  LEFT  SIDE  SOIL  DESCRIPTION 

NUMBER  OF  LEFT  SIDE  SURFACE  POINTS  =  1 
NUMBER  OF  LEFT  SIDE  SOIL  LAYERS  =  1 


LEFT 

SIDE 

SURFACE  POINT 

COORDINATES 

POINT 

ELEVATION 

X-COORD 

NO. 

C  FT) 

(FT) 

1 

0.00 

0.00 

LEFT  SIDE 

SOIL 

LAYER  DATA 
INTERNAL 

WALL 

BOTTOM 

LAYER  UNIT  FRICTION 

NO.  WEIGHT  ANGLE 

( PCF )  (DEG) 

1  122.50  30.00 

COHESION 
(  PSF ) 
0.00 

FRICTION  ELEV 

ANGLE  AT  WALL 

(DEG)  (FT) 

17.00 

BOTTOM 

SLOPE 

(FT/FT) 

l.F. --WATER  DATA 

RIGHT  SIDE  ELEVATION  = 
LEFT  SIDE  ELEVATION  - 
WATER  UNIT  WEIGHT  = 
PRESSURE  REDUCTION  OPTION  = 

10.00 

10.00 

62.50 

1 

(FT) 

(FT) 

(PCF) 

1 .G. --SURCHARGE  LOADS 

NUMBER  OF  LINE  LOADS 
DISTRIBUTED  LOAD  DISTRIBUTION 

=  0 
=  NONE 

1 .H. --HORIZONTAL  LOADS 

NUMBER  OF  HORIZONTAL 
NUMBER  OF  HORIZONTAL 

LINE  LOADS 
PRESSURE  POINTS 

=  0 

=  0 

EARTHQUAKE  ACCELERATION  =  0.00  (G'S) 


DO  YOU 

I  >N 

DO  YOU 
ENTER 

I  >N 


WANT  INPUT  DATA  SAVED  IN  A  FILE?  ENTER  'YES’ 

WANT  A  PLOT  OF  INPUT  GEOMETRY? 

YES'  OR  'NO' 


OR 


'NO' 


INPUT  SEQUENCE 
DO  YOU  WANT  TO 
ENTER  'YES’  OR 

I  >Y 


COMPLETE. 

CONTINUE  SOLUTION? 
•NO' 
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SOLUTION  COMPLETE 

DO  YOU  WANT  RESULTS  PRINTED  AT  YOUR  TERMINAL, 
WRITTEN  TO  A  FILE,  OR  BOTH? 

ENTER  'TERMINAL',  'FILE',  OR  ’BOTH’ 


PROGRAM  SHTWAL  -  PESIGN/ANALY5IS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE :  12/12/30  TIME:  14=23:23 

2.  RESULTS 

2. A. --HEADING 

PROBLEM  -  CANT  1 A  -  SAME  AS  PROBLEM  CANT  1  EXCEPT 
ANALYZE  FOR  BOTTOM  OF  WALL  AT  EL  -16.76 


2. B. --SUMMARY  OF  RESULTS  FOR  CANTILEVER  WALL  ANALYSIS 


SOIL  PRESSURES  DETERMINED  BY  COULOMB 
COEFFICIENTS  AND  THEORY  OF  ELASTICITY 
EQUATIONS  FOR  SURCHARGE  LOADS 


FACTOR  OF  SAFETY  =  1.00 
BENDING  MOMENT: 


MAXIMUM 

=  -78392. 

(LB-FT) 

ELEVATION 

=  -8.1 

(FT) 

DEFLECTION: 

MAXIMUM 

=  7.83E+00 

(IN) 

ELEVATION 

=  20.0 

(FT) 

DO  YOU  WANT  COMPLETE  RESULTS  OUTPUT? 
ENTER  ’YES'  OR  'NO' 

I  >Y 
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2. C.— COMPLETE  RESULTS  FOR  CANTILEVER  WALL  ANALYSIS 


BENDING 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

(FT) 

(LB-FT) 

(LB) 

(IN) 

( PSF ) 

20.00 

0  . 

0. 

7 .83E+00 

0 .00 

19.00 

-5. 

-16  . 

7.52E+00 

32.94 

18.00 

-44. 

-66. 

7.21E+00 

65.88 

17.00 

-148. 

-148. 

6 . 90E+00 

98.81 

16 . 00 

-351  . 

-264. 

6.59E+00 

131.75 

15.00 

-686  . 

-412. 

6.28E+00 

164.69 

14.00 

-1186. 

-593  . 

5. 97E+00 

197.63 

13.00 

-1883. 

-807  . 

5.66E+Q0 

230.57 

12.00 

-2811 . 

-1054. 

5.35E+00 

263.51 

11.00 

-4002. 

-1334. 

5.04E+Q0 

296.44 

10.00 

-5490. 

-1647. 

4.74E+00 

329.38 

9.00 

-7304. 

-1985. 

4.43E+00 

347.35 

8.00 

-9466  . 

-2342. 

4. 13E+0O 

365.31 

7 . 00 

-11994. 

-2716. 

3.83E+00 

383.28 

6.00 

-14904. 

-3108. 

3.53E+00 

401.25 

5.00 

-18216  . 

-3518. 

3.24E+00 

419.21 

4.00 

-21947  . 

-3947. 

2. 95E+00 

437.18 

3.00 

-26115  . 

-4393. 

2.67E+00 

455.15 

2.00 

-30738. 

-4857 . 

2. 39E+00 

473. 11 

1.00 

-35835. 

-5339. 

2 . 12E+00 

491 . 08 

0.00 

-41422. 

-5839. 

1 .87E+00 

509.05 

-1  .  00 

-47465. 

-6196. 

1 .62E+00 

203.91 

-1.67 

-51636 . 

-6264. 

1.46E+00 

0.00 

-3.00 

-59857 . 

-5993. 

1 . 17E+00 

-406.36 

-4.00 

-65596 . 

-5434. 

9.65E-01 

-711.49 

-5.00 

-70624. 

-4570. 

7 .80E-01 

-1016.63 

-6.00 

-74635. 

-3401 . 

6.14E-01 

-1321.76 

-7 .00 

-77324. 

-1927. 

4.68E-01 

-1626 . 90 

-8.00 

-78386. 

-147. 

3.43E-01 

-1932.03 

-9.00 

-77516. 

1937. 

2.40E-01 

-2237.17 

-10.00 

-74409. 

4327. 

1.57E-01 

-2542.30 

-11.00 

-68760  . 

7022. 

9.42E-02 

-2847.43 

-12.00 

-60263. 

10022. 

5. 00E-O2 

-3152.57 

-13.00 

-48614. 

13327. 

2.21E-02 

-3457.70 

-13.74 

-37752. 

15977 . 

9 . 99E-03 

-3634.14 

-14.36 

-27382. 

17118. 

4 . 26E-03 

0.00 

-15.74 

-6358. 

11452. 

1 .59E-04 

8209.62 

-16.76 

-0  . 

-0  . 

0  . 

14268.88 
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PROBLEM  "CANT2M 

Cantilever  Floodwall  Design— Cohesive  Soil 
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Figure  B2.  System  and  program  results  for  problem  "CANT2 


PROGRAM  SHTWAL  -  DESIGN/ANALYSIS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  12/12/80  TIME:  14:31:16 


ARE  INPUT  DATA  TO  BE  READ  FROM  TERMINAL  OR  FILE? 
ENTER  ’TERMINAL'  OR  'FILE* 

I>TERM 


ENTER  NUMBER  OF  HEADER  LINES  (1  TO  4) 

r  I  >3 


ENTER  FIRST  HEADER  LINE  (1  TO  70  CHARACTERS) 
I>  PROBLEM  -  CANT2  -  CANTILEVER  WALL  DESIGN 

ENTER  SECOND  HEADER  LINE  (1  TO  70  CHARACTERS) 
I>  FLOODWALL  -  COHESIVE  SOIL 


ENTER  THIRD  HEADER  LINE  (1  TO  70  CHARACTERS) 
I>  EARTHQUAKE  ACCELERATION  =  0.1  G’S 


ENTER  WALL  TYPE:  ’CANT’  OR  'ANCH' 

I>C 


ENTER  MODE:  'DESIGN'  OR  'ANALYSIS' 

I>D 


WALL  DATA,  ENTER  VALUES  UNDER  HEADINGS 


ELEVATION  AT  FACTOR 

TOP  OF  OF 

WALL  SAFETY 

(FT) 

I  >  10  1 


i 

I 
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RIGHT  SIDE  SOIL  DESCRIPTION.  ENTER 


NUMBER  OF  NUMBER  OF 

SURFACE  POINTS  SOIL  LAYERS 

(1  TO  15)  (1  TO  15) 

I>  1  1 

ENTER  1  SURFACE  POINT  ELEVATIONS  UNDER  HEADINGS 
SUREL (  1)  SUREL ( 

(FT)  (FT)  (FT)  (FT)  (FT) 


ENTER  SOIL  LAYER  DATA  UNDER  HEADINGS.  ONE  LINE  PER  LAYER 


I> 


SATURATED 
UNIT 
WEIGHT 
( PCF) 
112.5 


INTERNAL 

FRICTION 

ANGLE 

(DEG) 

0 


COHESION 
( PSF ) 
400 


WALL 

FRICTION 

ANGLE 

(DEG) 

0 


BOTTOM 
ELEV 
AT  WALL 
(FT) 


BOTTOM 

SLOPE 

(FT/FT) 


LEFT  SIDE  SOIL  DESCRIPTION.  ENTER 


NUMBER  OF 
SURFACE  POINTS 
(1  TO  15) 


NUMBER  OF 
SOIL  LAYERS 
(1  TO  15) 

1 


ENTER  1  SURFACE  POINT  ELEVATIONS  UNDER  HEADINGS 
SUREL (  1)  SUREL ( 

(FT)  (FT)  (FT)  (FT)  (FT) 


ENTER  SOIL  LAYER  DATA  UNDER  HEADINGS.  ONE  LINE  PER  LAYER 


I> 


SATURATED 

UNIT 

WEIGHT 

(PCF) 

112.5 


INTERNAL 

FRICTION 

ANGLE 

(DEG) 

0 


COHESION 

(PSF) 

400 


WALL 

FRICTION 

ANGLE 

(DEG) 

0 


BOTTOM 
ELEV 
AT  WALL 
(FT) 


BOTTOM 

SLOPE 

(FT/FT) 
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WATER  DATA,  ENTER  VALUES  UNDER  HEADINGS 


RIGHT  SIDE  LEFT  SIDE  UNIT  PRESSURE 

ELEVATION  ELEVATION  WEIGHT  OPTION 

(FT)  (FT)  ( PCF )  (0  OR  1) 

I>  10  0  62.5  1 


SURCHARGE  LOADS  ON  RIGHT  SIDE  SURFACE 
ENTER  NUMBER  OF  LINE  LOADS  (0  TO  A) 

I>0 

DISTRIBUTED  LOAD  DESCRIPTION 

ENTER  'NONE',  'STRIP',  'RAMP',  'TRIANG',  OR  'UNIF' 
I>NONE 


HORIZONTAL  LOAD  DATA.  ENTER 
NUMEER  OF  NUMBER  OF  EARTHQUAKE 

LINE  LOADS  PRESSURE  PTS  ACCELERATION 

(0  TO  4)  (0  OR  2  TO  12)  (G'S) 

I>  0  0  0.1 

INPUT  COMPLETE.  NO  ERRORS  DETECTED 

DO  YOU  WANT  TO  EDIT  INPUT  DATA?  ENTER  'YES'  OR  'NO 

I  >N 

DO  YOU  WANT  INPUT  DATA  ECHOPRINTED  TO  YOUR 
TERMINAL,  TO  A  FILE,  TO  BOTH,  OR  NEITHER? 

ENTER  'TERMINAL',  'FILE',  'BOTH',  OR  'NEITHER' 

I  >N 

DO  YOU  WANT  INPUT  DATA  SAVED  IN  A  FILE?  ENTER  'YES 

I  >Y 

ENTER  FILE  NAME  IN  WHICH  INPUT  DATA  WILL  BE  SAVED. 
(6  CHARACTERS  MAXIMUM) 

I  >  C  A  N  T  2 

DO  YOU  WANT  A  PLOT  OF  INPUT  GEOMETRY? 

ENTER  'YES'  OR  'NO' 

I>N 

INPUT  SEQUENCE  COMPLETE. 

DO  YOU  WANT  TO  CONTINUE  SOLUTION? 

ENTER  'YES'  OR  'NO' 


DO  YOU  WANT  ACTIVE  AND  PASSIVE  SOIL  PRESSURES 
PRINTED  AT  YOUR  TERMINAL?  ENTER  'YES'  OR  'NO* 

I  >N 

SOLUTION  COMPLETE 

DO  YOU  WANT  RESULTS  PRINTED  AT  YOUR  TERMINAL, 
WRITTEN  TO  A  FILE,  OR  BOTH? 

ENTER  ’TERMINAL',  'FILE',  OR  ’BOTH’ 

I>T 

PROGRAM  SHTWAL  -  DESIGN/ANALYSIS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  12/12/80 

RESA  B29 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXX 

FOLLOWING  IS  FILE  -  CANT2  CREATED  BY  PROGRAM 

1000  3  PROBLEM  -  CANT2  -  CANTILEVER  WALL  DESIGN 

1010  FLOODWALL  -  COHESIVE  SOIL 

1020  EARTHQUAKE  ACCELERATION  =  0.1  G’S 

1030  C  D 

1040  10.  1. 

1050  1  1 
1060  0. 

1070  112.5  0.  400.  0. 

1080  1  1 
1090  0. 

1100  112.5  0.  400.  0. 

1110  10.  0.  62.5  1 
1120  0  N 
1130  0  0  .1 
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PROGRAM  SHTWAL  -  DESIGN/ANALYSIS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  12/12/80  TIME:  14:38:27 

2.  RESULTS 

2. A. --HEADING 

PROBLEM  -  CANT2  -  CANTILEVER  WALL  DESIGN 
FLOODWALL  -  COHESIVE  SOIL 
EARTHQUAKE  ACCELERATION  =  0.1  G'S 


2 . B . --SUMMARY  OF  RESULTS  FOR  CANTILEVER  WALL  DESIGN 


SOIL  PRESSURES  DETERMINED  BY  COULOMB 
COEFFICIENTS  AND  THEORY  OF  ELASTICITY 
EQUATIONS  FOR  SURCHARGE  LOADS 


WALL  BOTTOM: 


PENE1RATI0N  = 
ELEVATION  = 

21.2 

-21.2 

(FT) 

(FT) 

BENDING  MOMENT: 

MAXIMUM  = 

ELEVATION  = 

-31204. 

-9.6 

(LB-FT) 

(FT) 

SCALED  DEFLECTION: 
MAXIMUM 
ELEVATION  = 

1 . 52E+10 
10  .  0 

(LB-IN3) 
(FT  ) 

(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN*#4  TO  OBTAIN  DEFLECTION  IN  INCHES) 


DO  YOU  WANT 
ENTER  'YES' 

I  >Y 


COMPLETE  RESULTS  OUTPUT? 
OR  'NO' 
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2 -C. — COMPLETE  RESULTS  FOR  CANTILEVER  WALL  DESIGN 


BENDING 

SCALED 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

(FT) 

(LB-FT) 

(LB) 

(LB-IN3) 

( PSF) 

10.00 

-0  . 

0  . 

1 .52E+10 

0  .00 

9.00 

-13. 

-39  . 

1  .44E+10 

78.63 

8.00 

-103. 

-153. 

1 . 36E  +  10 

147.81 

7.00 

-341 . 

-334  . 

1 .28E+10 

215.43 

6.00 

-794  . 

-583. 

1 .20E+10 

282.26 

5.00 

-1529. 

-898  . 

1 . 11E+10 

348 . 56 

4 .00 

-2613. 

-1280  . 

1 . 03E+10 

414.51 

3.00 

-4111  . 

-1  727  . 

9 . 52E+09 

480 . 17 

2.00 

-6089 . 

-2240  . 

8 . 71E+09 

545.62 

1.00 

-8613. 

-2818  . 

7  .  92E+09 

610.88 

0.00 

-11748. 

-3462 

7  .  14E  +  09 

676.00 

0.00 

-11748. 

-3462. 

7.  14E+09 

-175.00 

-1.00 

-15116  . 

-3267  . 

6  .  3SE+09 

-213.75 

-2.00 

-18270. 

-3034  . 

5.65E+09 

-252.50 

-3.00 

-21172. 

-2762. 

4 . 95E+09 

-291 . 25 

-4.00 

-23782. 

-2452  . 

4 . 28E+09 

-330 . 00 

-5.00 

-26062  . 

-2102. 

3 . 66E+09 

-368.75 

-6.00 

-27974  . 

-1714  . 

3 . 08E+09 

-407.50 

-7.00 

-29478  . 

-1287  . 

2.55E+09 

-446.25 

-8.00 

-30536 . 

-822  . 

2 . 07E+09 

-485.00 

-9.00 

-31109. 

-317  . 

1  .  65E  +  0  9 

-523.75 

-9.59 

-31204  . 

0. 

1 .43E+09 

-546 . 74 

-10.00 

-31158  . 

226  . 

1 .27E+09 

-562.50 

-11.00 

-30645. 

808. 

9 . 55E+08 

-601.25 

-12.00 

-29530  . 

1428  . 

6 . 8 9E+  08 

-640.00 

-13.00 

-27776  . 

2088. 

4.74E+08 

-678.75 

-14.00 

-25352. 

2757  . 

3. 06E+08 

-660.00 

-15.00 

-22269. 

3406  . 

1 .83E+08 

-637.50 

-16.00 

-18548 . 

4032. 

9.77E+07 

-615.00 

-16.84 

-14925. 

4543. 

5.10E+07 

-595.99 

-17.63 

-11259. 

4776  . 

2.43E+07 

0 .00 

-18.84 

-5665. 

4208. 

4.87E+06 

931.70 

-19.84 

-2050  . 

2894  . 

5.41E+05 

1695.54 

-20.84 

-131  . 

817  . 

1.92E+03 

2459.39 

-21 . 16 

-0. 

0. 

0  . 

2701.13 

( NOTE :  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN**4  TO  OBTAIN  DEFLECTION  IN  INCHES 
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Verification  of  Problem  "CANT2 "  (Sheet  5  of  5) 
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PROBLEM  "CANT3" 

Cantilever  Floodwall  Design— Cohesive  Soil 
With  Weak  Layer  Over  Strong  Layer 
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=  6^.  6-  for 


1000  3  PROBLEM  -  CANT3  -  CANTILEVER  WALL  DESIGN 

1010  FLO0DWALL  -  COHESIVE  LAYERED  SOIL  WITH 

1020  HIGH  STRENGTH  LAYER  UNDERLYING  WEAKER  LAYER 

1030  C  D 

1040  10  1 

1050  1  2 

1060  0 

1070  112.5  0  500  0  -10  0 
1080  112.5  0  1000  0 
1090  1  2 
1100  0 

1110  112.5  0  500  0  -10  0 
1130  112.5  0  1000  0 
1140  9.75  0  62.5  1 
1150  0  N 
1160  000 
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PROGRAM  SHTWAL  -  DESIGN/ ANALYSIS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  08/17/79  TIMES  13:33:54 

2.  RESULTS 

2.  A.— HEADING 

PROBLEM  -  CANT3  -  CANTILEVER  WALL  DESIGN 
PLOODWALL  -  COHESIVE  LAYERED  SOIL  WITH 
HIGH  STRENGTH  LAYER  UNDERLYING  WEAKER  LAYER 


2. B.— SUMMARY  OF  RESULTS  FOR  CANTILEVER  WALL  DESIGN 


SOIL  PRESSURES  DETERMINED  BY  COULOMB 
COEFFICIENTS  AND  THEORY  OF  ELASTICITY 
EQUATIONS  FOR  SURCHARGE  LOADS 


WALL  bottom: 


PENETRATION 

= 

13.7 

(FT) 

ELEVATION 

= 

-13.7 

(FT) 

BENDING  MOMENTS 

MAXIMUM 

= 

-18702. 

(LB-FT) 

ELEVATION 

= 

-5. A 

(FT) 

SCALED  DEFLECTION 
MAXIMUM 

IS 

5.UE+09 

( LB-IN3 ) 

ELEVATION 

X 

10.0 

(FT) 

(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN**4  TO  OBTAIN  DEFLECTION  IN  INCHES) 
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-COMPLETE 

RESULTS  FOR 

CANTILEVER 

WALL  DESIGN 

BENDING 

SCALED 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

(FT) 

(LB-FT) 

(LB) 

(LB- IN3 ) 

(PSF) 

10.00 

-0. 

0. 

5. 1  IE ) 09 

0.00 

9.75 

0. 

0. 

5.03E+09 

0 . 00 

9.00 

-4. 

-18. 

4.77E+09 

46.88 

8.00 

-56. 

-96. 

4.42E+09 

109.38 

7.00 

-217. 

-236. 

4.08E+09 

171.88 

6.00 

-549. 

-439. 

3.73E+09 

234.38 

5.00 

-1116. 

-705. 

3 . 39E+09 

296.88 

4.00 

-1980. 

-1033. 

3.05E+09 

359.38 

3.00 

-3204. 

-1424. 

2.71E+09 

421.88 

2.00 

-4849. 

-1877. 

2.38E+09 

484.38 

1.00 

-6978. 

-2393. 

2.05E+09 

546.88 

0.00 

-9655. 

-2971. 

1 .74E+09 

609.38 

0.00 

-9655. 

-2971. 

1 .74E+09 

-390.63 

-1.00 

-12422. 

-2555. 

1 .44E+09 

-440.63 

-2.00 

-14748. 

-2089. 

1 .17E+09 

-490.63 

-3.00 

-16584. 

-1574. 

9.22E+08 

-540.63 

-4.00 

-17879. 

-1008. 

7.02E+08 

-590.63 

-5.00 

-18584. 

-393. 

5. 13E+08 

-640.63 

-5.60 

-18702. 

0. 

4. 18E+08 

-670.57 

-6.00 

-18648. 

273. 

3.55E+08 

-690.63 

-7.00 

-18021. 

989. 

2.30E+08 

-740.63 

-8.00 

-16654. 

1754. 

1.36E+08 

-790.63 

-9.00 

-14496. 

2570. 

7.06E+07 

-840.63 

-10.00 

-11497. 

3436. 

3.01E+07 

-890.63 

-10.00 

-11497. 

3436. 

3.01E+07 

-1410.24 

-11.00 

-7571. 

4202. 

9.29E+06 

-122.50 

-11.10 

-7171. 

4208. 

8.10E+06 

0.00 

-13.00 

-639. 

1871. 

4.05E+04 

2452.97 

-13.65 

-0. 

0. 

0. 

3291.95 

(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN**4  TO  OBTAIN  DEFLECTION  IN  INCHES) 
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Verification  of  Problem  *'CANT3"  (Sheet  3  of  6) 
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Verification  of  Problem  "CANT3"  (Sheet  5  of  6) 
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1000  3  PROBLEM  -  CANT4  -  CANTILEVER  WALL  DESIGN 
1010  FLOODWALL  -  LAYERED  GRANULAR  SOIL 
1020  IRREGULAR  SOIL  SURFACE 
1030  C  D 
1040  14.5  1.5 
1050  4  4 
1060  9  9  2.5  1 
1070  2  26.5  45 
1080  102.5  23  0  0  4  0 

1090  122.5  30  0  0  -1  0 

1100  102.5  23  0  0  -4  0 

1110  122.5  30  0  0 

1120  4  5 
1130  9  9  2.5  1 
1140  8  32.5  46 
1150  107.5  23  0  0  4  0 

1160  122  30  0  0  0  0 

1170  122.5  30  0  0  -1  0 

1180  102.5  23  0  0  -4  0 

1190  122.5  30  0  0 

1200  14.5  0  62.5  1 
1210  0  N 
1220  000 
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PROGRAM  SHTWAL  -  DESIGN/ANALYSIS  OF  ANCHORED 

nATc*N[5/ioE!L5HEET  PILE  WALLS  CLASSICAL  METHODS 
DATE-  12/12/80  TIME:  15:13=52 


HEADING 


PROBLEM  -  CANT4  -  CANTILEVER  WALL  DESIGN 
FLOODWALL  -  LAYERED  GRANULAR  SOIL 
IRREGULAR  SOIL  SURFACE 


ACTIVE  AND  PASSIVE  SOIL  PRESSURES 


SOIL 

WATER 

ELEV 

(FT) 

14.50 

13.50 

12.50 

11.50 

10.50 

9.50 
9.00 

8.50 

7.50 

5.50 

5.50 

4.50 
4.00 

3.50 

2.50 

1.50 
.50 

0 .00 
.50 
.00 


PRESSURES  DETERMINED  BY  WEDGE  METHOD 
PRESSURES  ARE  NOT  INCLUDED. 

LEFT  SIDE 


ACTIVE 
(PSF ) 
0 .00 


00 

00 

00 

00 

00 


-1 


0 
0 
0 
0 
0 

0  .00 
30.74 
92.23 
153.72 
215.20 

276.69 
292.88 
308.31 

366.70 
424.84 
482.68 
507.49 
524.25 
564.95 


PASSIVE 

(PSF) 

0  .00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
93.97 
281 . 92 
469.87 
657.82 
845.77 
991.36 
1145.81 

1334.85 

1510.86 
1711.63 
1797.78 
1850.97 
1751 . 44 


RIGHT 

ACTIVE 

(PSF) 

0.00 


00 

00 

00 

00 

00 

00 


0 
0 
0 
0 
0 
0 

11.44 

34.32 

56.72 

77.69 

97.52 

103.04 

110.20 

136.27 

161.88 

187.16 

199.76 

212.38 

235.37 


SIDE 

PASSIVE 

(PSF) 

0  .  00 


.00 
.  00 
.  00 
.00 
.00 
.00 


0. 

0  . 

0 

0. 

0  . 

0. 

34 . 97 
90.43 
130.93 
172.13 
214.64 
296.19 
382.10 
462.75 
566.25 
672.91 

726.66 

780.67 
777.03 
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-  •v'i  Wfc 


-1.50 

605.06 

1626 . 08 

257.08 

757.08 

-2.50 

625.20 

1592.05 

277.19 

800.84 

-3.50 

643.23 

1549.89 

297 . 18 

845.24 

-4.00 

617.84 

627.82 

292.69 

939.96 

-4.50 

592.51 

366.05 

289.64 

989.54 

-5.50 

612.55 

1700.59 

315.14 

1025.22 

-6 . 50 

633.06 

1772.61 

340.39 

1179.46 

-7.50 

653.66 

1845.96 

365.56 

1282.17 

-8.50 

673.76 

1924.51 

390.66 

1386.76 
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PROGRAM  5HTWAL  -  DESIGN/ANALYSIS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  12/12/80  TIME'-  15:15:39 

2.  RESULTS 

2. A. --HEADING 

PROBLEM  -  CANT4  -  CANTILEVER  WALL  DESIGN 
FLOODWALL  -  LAYERED  GRANULAR  SOIL 
IRREGULAR  SOIL  SURFACE 


2. B. --SUMMARY  OF  RESULTS  FOR  CANTILEVER  WALL  DESIGN 


SOIL  PRESSURES  DETERMINED  BY  WEDGE  METHOD 


WALL  BOTTOM: 

PENETRATION  = 
ELEVATION  = 

BENDING  MOMENT: 

MAXIMUM  = 

ELEVATION  = 

SCALED  DEFLECTION: 
MAXIMUM  = 

ELEVATION  = 


15.7 

(FT) 

-6.7 

(FT) 

-10949. 

(LB-FT) 

.  9 

(FT) 

2. 30E+09 

( LB-IN3) 

14.5 

(FT) 

(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN**4  TO  OBTAIN  DEFLECTION  IN  INCHES) 
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-COMPLETE 

RESULTS  FOR 

CANTILEVER 

MALL  DESIGN 

BENDING 

SCALED 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

(FT) 

(LB-FT) 

(LB) 

(LB-IN3) 

( PSF ) 

14.50 

-0  . 

0  . 

2.30E+09 

0.00 

13.50 

-10. 

-31. 

2.12E+09 

62.50 

12.50 

-83. 

-125. 

1  .  94E  +  09 

125.00 

11.50 

-281 . 

-281 . 

1 .76E+09 

187 . 50 

10.50 

-66  7  . 

-500  . 

1 . 58E+09 

250.00 

9.50 

-1302. 

-781. 

1 .40E+09 

312.50 

9.00 

-1733. 

-945. 

1.31E+09 

343.75 

8.50 

-2247. 

-1104. 

1 .22E+09 

292.47 

7.50 

-3480  . 

-1346. 

1 . 05E+09 

189.90 

6.50 

-4903. 

-1484 . 

8.88E+08 

86.84 

5.67 

-6157. 

-1520. 

7 . 56  E  +  08 

0 .00 

4.50 

-7905. 

-1448. 

5 . 85E+08 

-123.24 

4 . 00 

-8609. 

-1359. 

5. 17E+08 

-232.07 

3.50 

-9255. 

-1214. 

4.53E+08 

-348.10 

2.50 

-10278. 

-816  . 

3 . 36  E  +  08 

-448.58 

1.50 

-10855. 

-323. 

2 . 38E+08 

-536.48 

.93 

-10949. 

0  . 

1 . 92E+08 

-600.71 

.50 

-10891  . 

270  . 

1.58E+08 

-649.47 

0 . 00 

-10674  . 

605. 

1 .25E+08 

-691.77 

-.50 

-10283. 

961 . 

9.65E+07 

-732.34 

-1 .00 

-9716  . 

1297. 

7.26E+07 

-609.82 

-1.50 

-8998. 

1565. 

5.29E+07 

-462.75 

-2.50 

-7211 . 

2000. 

2.49E+07 

-408.61 

-2.81 

-6562. 

2126  . 

1 .88E+07 

-389.07 

-3.63 

-4730. 

2285. 

7 . 88E+06 

0.00 

-4.81 

-2164. 

1956. 

1.28E+06 

559.41 

-5.81 

-567. 

1159. 

7.30E+04 

1033.65 

-6.74 

-0. 

-0  . 

0. 

1472.31 

(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  RSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN#*4  TO  OBTAIN  DEFLECTION  IN  INCHES) 
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appendix  ( 

FOR 


::  EXAMPLE  SOLUTIONS 
ANCHORED  WALLS 


PROBLEM  "ANCH1" 

Anchored  Hall  Design — Granular  Soil 
With  Uniform  Surcharge 


C2 


JCAL££>  reFLZC 


1000 

3  PROBLEM  -  ANCH1 

-  ANCHORED  WALL  DESIGN 

1010 

FROM  'FOUNDATION 

ANALYSIS  AND  DESIGN’  BY 

1020 

EXAMPLE 

13-3, 

PP 

29-431 

1030 

A  D  5  FR 

FI  EB 

EM 

TE 

1040 

30  26  1 

1050 

1  2 

1060 

30 

1070 

105  30  0 

20  22 

0 

1080 

128.5  30 

0  20 

1090 

1  1 

1100 

0 

1110 

128.5  30 

0  20 

1120 

22  22  62 

.5  1 

1130 

0  U 

1140 

500 

1150 

0  0  0 

GRANULAR  SOIL 
.  E.  BOWLES 


PROGRAM  SHTWAL  -  DE5 I GN/ AN AL YS IS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  01/21/81  TIME:  10:47:16 

1.  INPUT  DATA 


1  .A.— HEADING 

PROBLEM  -  ANCH1  -  ANCHORED  WALL  DESIGN  -  GRANULAR  SOIL 
FROM  'FOUNDATION  ANALYSIS  AND  DESIGN'  BY  J.  E.  BOWLES 
EXAMPLE  13-3,  PP  29-431 


1 . B . --WALL  TYPE,  MODE,  METHOD 


ANCHORED 

WALL  DESIGN 

BY 

FREE  EARTH  METHOD 

ANCHORED 

WALL  DESIGN 

BY 

FIXED  EARTH  METHOD 

ANCHORED 

WALL  DESIGN 

BY 

EQUIVALENT  BEAM 

METHOD 

ANCHORED 

WALL  DESIGN 

BY 

EQUAL  MOMENT  METHOD 

ANCHORED 

WALL  DESIGN 

BY 

TERZAGHI  METHOD 

1  .C.- 

-WALL  DESCRIPTION 

TOP  OF  WALL  ELEVATION 

- 

30.00  (FT) 

ANCHOR  ELEVATION 

z 

26.00  (FT) 

FACTOR  OF 

SAFETY 

- 

1.00 

1  .D.- 

-RIGHT  SIDE  SOIL  DESCRIPTION 

NUMBER  OF 

RIGHT  SIDE 

SURFACE  POINTS  =  1 

NUMBER  OF 

RIGHT  SIDE 

SOIL 

LAYERS  =  2 

RIGHT  SIDE  SURFACE  POINT 

COORDINATES 

POINT 

ELEVATION 

X-COORD 

NO. 

(FT) 

(FT) 

1 

30 .00 

0.00 

RIGHT 

SIDE  SOIL  LAYER  DATA 

INTERNAL 

WALL 

BOTTOM 

LAYER 

UNIT 

FRICTION 

FRICTION 

ELEV 

NO. 

WEIGHT 

ANGLE 

COHESION  ANGLE 

AT  WALL 

(PCF) 

(DEG) 

( PSF)  (DEG) 

(FT) 

1 

105.00 

30.00 

0  . 

00  20.00 

22.00 

2 

128.50 

30.00 

0  . 

00  20.00 

C7 


BOTTOM 

SLOPE 

(FT/FT) 

1:0.0 


1.E.--LEFT  SIDE  SOIL  DESCRIPTION 


NUMBER  OF 

LEFT  SIDE 

SURFACE  POINTS  = 

1 

NUMBER  OF 

LEFT  SIDE 

SOIL  LAYERS  = 

1 

LEFT  SIDE 

SURFACE  POINT  COORDINATES 

POINT 

ELEVATION 

X-COORD 

NO. 

(FT) 

(  FT) 

1 

0  .00 

0.00 

LEFT 

SIDE  SOIL 

LAYER  DATA 

INTERNAL 

WALL 

BOTTOM 

LAYER 

:  UNIT 

FRICTION 

FRICTION 

ELEV 

BOTTOM 

NO. 

WEIGHT 

ANGLE 

COHESION  ANGLE 

AT  WALL 

SLOPE 

(PCF) 

(DEG) 

(PSF)  (DEG) 

(FT) 

(FT/FT) 

1 

128.50 

30 .00 

0.00  20.00 

l.F. --WATER  DATA 

RIGHT  SIDE  ELEVATION 
LEFT  SIDE  ELEVATION 
WATER  UNIT  WEIGHT 
PRESSURE  REDUCTION  OPTION 


22.00  (FT) 
22.00  (FT) 
62.50  ( PCF ) 
1 


l.G. --SURCHARGE  LOADS 

NUMBER  OF  LINE  LOADS  =  0 

DISTRIBUTED  LOAD  DISTRIBUTION  =  UNIF 


UNIFORM  SURCHARGE  LOAD 

LOAD  =  500.00  PSF 


l.H. --HORIZONTAL  LOADS 

NUMBER  OF  HORIZONTAL  LINE  LOADS  =  0 

NUMBER  OF  HORIZONTAL  PRESSURE  POINTS  =  0 

EARTHQUAKE  ACCELERATION  =  0.00  (G'S) 
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PROGRAM  SHTWAL  -  DESIGN/ANALYSIS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  01/21/81  TIME:  11:00=07 

2.  RESULTS 

2. A. --HEADING 

PROBLEM  -  ANCH1  -  ANCHORED  WALL  DESIGN  -  GRANULAR  SOIL 
FROM  'FOUNDATION  ANALYSIS  AND  DESIGN'  BY  J.  E.  BOWLES 
EXAMPLE  13-3,  PP  29-431 


2. B. --SUMMARY  OF  RESULTS  FOR  ANCHORED  WALL  DESIGN 


SOIL  PRESSURES  DETERMINED  BY  COULOMB 
COEFFICIENTS  AND  THEORY  OF  ELASTICITY 
EQUATIONS  FOR  SURCHARGE  LOADS 


WALL 

BOTTOM 

MAXIMUM 

MAX  SCALED 

ANCHOR 

METHOD 

PEN 

ELEV 

BENDING  MOMENT 

DEFLECTION 

FORCE 

(  FT  ) 

(  FT  ) 

tLB-FT) 

(LB-IN3) 

(LB) 

FREE  EARTH  : 

8 . 5 

-8 . 5 

76537 . 

1 . 56E+10 

9015. 

FIXED  EARTH: 

15.0 

-15.0 

54551  . 

9 . 96E+09 

7632. 

EQU1V  BEAM  : 

13.8 

-13.8 

58348  . 

8.24E+09 

7885. 

EQUAL  MOM  : 

14.6 

-14.6 

52690. 

9. 15E+09 

7506  . 

TERZAGHI 

14.4 

-14.4 

54512. 

9. 95E+09 

7630  . 

(NOTE:  PENETRATION  FOR  EQUIVALENT  BEAM 
METHOD  DOES  NOT  INCLUDE  INCREASE 
PRESCRIBED  BY  DRAFT  EM  1110-2-2906) 


(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  DF 
INERTIA  IN  IN*#4  TO  OBTAIN  DEFLECTION  IN  INCHES) 
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I  >Y 


DO  YOU  WANT  COMPLETE  RESULTS  OUTPUT? 
ENTER  'YES’  OR  'NO' 


COMPLETE  RESULTS  ARE  AVAILABLE  FOR  FOLLOWING 


METHODS  OF 

ANALYSIS : 

FREE 

EARTH  : 

ENTER 

•FR' 

ON 

CUE 

FIXED 

EARTH: 

ENTER 

•FI  ' 

ON 

CUE 

EQUIV 

BEAM  : 

ENTER 

•EB' 

ON 

CUE 

EQUAL 

MOM  = 

ENTER 

•  EM' 

ON 

CUE 

TERZAGHI  : 

ENTER 

•TE' 

ON 

CUE 

ENTER  METHOD  FOR  WHICH  COMPLETE  RESULTS  ARE  DESIRED 

I  >FR 


2.C  --COMPLETE  RESULTS  FOR  ANCHORED  WALL  DESIGN 
BY  FREE  EARTH  METHOD 


BENDING 

SCALED 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

(FT  ) 

(LB-FT) 

(LB) 

( LB-IN3) 

30.00 

0  . 

0  . 

-5. 76E+09 

29.00 

-80  . 

-164. 

-4  .  32E  +  09 

23.00 

-339. 

-360  . 

-2.88E+09 

27.00 

-809. 

-586  . 

-1  .  44E+09 

26.00 

-1522. 

-844  . 

0  . 

26.00 

-1522. 

8171  . 

0  . 

25.00 

6506  . 

7881  . 

1 .44E+09 

24.00 

14230  . 

7  56  1  . 

2 . 87E+09 

23.00 

21618  . 

7210  . 

4 . 28E+09 

22.00 

28639. 

6827  . 

5.65E+09 

21.00 

35263. 

6419. 

6 . 97E+09 

20.00 

41470. 

5  991  . 

8 . 23E+09 

19.00 

47238 . 

554  3  . 

9 . 42E+09 

18.00 

52550 . 

5076  . 

1 . 05E+1 0 

17.00 

57384  . 

4589  . 

1 . 15E+10 

16.00 

61722. 

4083  . 

1 .25E+10 

15.00 

6  5544  . 

3557  . 

1  .  33EU0 

14.00 

68830  . 

3012. 

1 .40E+10 

13.00 

71561. 

2446  . 

1 . 45E+10 

12.00 

73716 . 

1862. 

1 . 50E+10 

11.00 

75277 . 

1257  . 

1 . 53E+10 

10.00 

76224  . 

6  33  . 

1  .  55E  +  10 

9.00 

76537. 

-11  . 

1 . 56E+10 

8.00 

76197 . 

-674  . 

1 . 55E+10 

7 .00 

75183. 

-1357  . 

1.53E+10 

6.00 

73476 . 

-2059. 

1  .  50E+10 

5.00 

71058. 

-2782. 

1 .45E+10 

4.00 

67907  . 

-3523. 

1 . 40E+10 

3.00 

64004. 

-4285. 

1 .33E  +  10 

2.00 

59331  . 

-5066. 

1  .24E+10 

1.00 

53366. 

-5866  . 

1  .  15E+10 

0.00 

47591 . 

-6687  . 

1 . 05E+10 

NFT 

PRESSURE 

(FSF) 

148.66 

179.87 
211.09 
242 . 31 
273.53 
273.53 

304 .75 
335.96 
367  .  18 
398.40 
418.02 
437.65 
457.27 
476.89 
496.51 
516.14 

535.76 
555.38 
575.01 
594.63 
614.25 

633.87 
653.50 
673.12 
692.74 
712.36 
731 . 99 
751.61 
771.23 
790.85 
810.48 
830.10 


Cll 


-1  .  00 

40553. 

-7325. 

9 . 46  E ♦ 0  9 

446  .  7  7 

-2  .  17 

31814 . 

-7586 . 

8. 1 1  E  ♦  0  9 

0.00 

-3.00 

25521  . 

-7452 . 

7  .  09E  +  09 

-31989 

-4 .00 

18293 . 

-6940 . 

5.84E+09 

-70322 

-5.00 

11768. 

-6046  . 

4.55E+09 

-1086 . 55 

-6  .00 

6329  . 

-4767 . 

3.24E+09 

-1469.88 

-7.00 

2361  . 

-3106 . 

1  .  93E+09 

-1853  22 

-8 .00 

245  . 

-1061  . 

6.04E+08 

-2236 . 55 

-8.46 

0  . 

-0  . 

0  . 

-2411.  54 

(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN#*4  TO  OBTAIN  DEFLECTION  IN  INCHES) 


DO  YOU  WANT  RESULTS  FOR  ANOTHER  METHOD?  ENTER  'YES'  OR  ’NO' 

I  >Y 


ENTER  METHOD  FOR  WHICH  COMPLETE  RESULTS  ARE  DESIRED 
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-COMPLETE 

RESULTS  FOR 

ANCHORED 

UIALL  DESIGN 

BY  FIXED 

EARTH  METHOD 

BENDING 

SCALED 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

(FT) 

(LB-FT) 

(LB) 

(LB-IN3) 

( PSF ) 

30.00 

0  . 

0  . 

-3. 97E+09 

148.66 

29.00 

-80  . 

-164. 

-2. 98E+09 

179.87 

28.00 

-339. 

-360. 

-1  .  99E  +  09 

211.09 

27.00 

-809. 

-586  . 

-9. 93E+08 

242.31 

26 .00 

-1522. 

-844. 

0. 

273.53 

26.00 

-1522  . 

6788. 

0. 

273.53 

25.00 

5124. 

6499  . 

9 . 94E+08 

304.75 

24.00 

11465. 

6179. 

1  . 98E  +  09 

335.96 

23.00 

17470  . 

5827  . 

2 . 94E  +  09 

367  .  18 

22.00 

23109 . 

5444  . 

3.88E+09 

398.40 

21 .00 

28350 . 

5036  . 

4 . 77E+09 

418.02 

20.00 

33174. 

4608. 

5.62E+09 

437.65 

19.00 

37560  . 

4161  . 

6  .41E+09 

457.27 

18.00 

41489. 

3694  . 

7  .  13E+09 

476.89 

17.00 

44940  . 

3207  . 

7  .  79E  +  09 

496.51 

16 . 00 

47896  . 

270  1  . 

8. 36E+09 

516.14 

15.00 

50335. 

2175. 

8.85E+09 

535.76 

14.00 

52238. 

1629. 

9.26E+09 

555.38 

13.00 

53586. 

1064  . 

9. 57E  +  09 

575.01 

12.00 

54359. 

479. 

9.80E+09 

594 .63 

11.20 

54551  . 

0  . 

9.90E+09 

610.23 

11.00 

54538 . 

-125. 

9 . 93E  +  09 

614.25 

10.00 

54102. 

-749. 

9. 96E  +  09 

633.87 

9.00 

53032. 

-1393. 

9 . 90E  +  09 

653.50 

8.00 

51309. 

-2056 . 

9.75E+09 

673.12 

7.00 

48913. 

-2739. 

9.51E+09 

692.74 

6.00 

45824. 

-3442. 

9. 19E+09 

712.36 

5.00 

42022. 

-4164 . 

8 . 79E  +  09 

731.99 

4 . 00 

37489. 

-4906 . 

8 . 31E+09 

751.61 

3.00 

32204. 

-5667 . 

7  .  77E  +  09 

771.23 

2.00 

26148. 

-6448. 

7.18E+09 

790.85 

1 .00 

19301 . 

-7249. 

6 . 54E+0  9 

810.48 

0.00 

11643. 

-8069. 

5.86E+09 

830.10 

-1.00 

3222 

-8708. 

5. 17E+09 

446 .77 

Cl  3 


-2.17 

-712' 

-8968 . 

4 . 36  E  +  0  9 

0.00 

-3.00 

-1457  . 

-8835. 

3.78E+09 

-319.89 

-4.00 

-23186 

-8323. 

3 . 12E+09 

-703.22 

-5 .00 

-3109'.  . 

-7428 . 

2 . 49E+09 

-1086 . 55 

-6.00 

-37915. 

-6150  . 

1 . 92E+09 

-1469.88 

-7.00 

-43266  . 

-4488 . 

1 .42E+09 

-1853.22 

-8.00 

-46764  . 

-2444 . 

9 . 88  E  <-08 

-2236 . 55 

-9.00 

-48  0  26  . 

-15. 

6 . 38E+08 

-2619.88 

-10.00 

-4<  7. 

2796  . 

3.71E+08 

-3003.21 

-11.00 

-423^6 . 

5991 . 

1 .83E+08 

-3386 . 54 

-12.00 

-34557  . 

956  9  . 

6 .85E+07 

-3769.87 

-13.00 

-23039  . 

13531 . 

1 . 30E+07 

-4153.20 

-13.35 

-18088  . 

14996 . 

4 . 09E+06 

-4286 . 31 

-13.60 

-14144. 

15546 . 

0  . 

0.00 

-14.97 

0  . 

0  . 

-4.55E+06 

22784.10 

(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  INK*4  TO  OBTAIN  DEFLECTION  IN  INCHES) 


DO  YOU  WANT  RESULTS  FOR  ANOTHER  METHOD? 

I  >Y 

ENTER  METHOD  FOR  WHICH  COMPLETE  RESULTS 

I>EB 


ENTER  ’YES'  OR  'NO' 
ARE  DESIRED 
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--COMPLETE 

RESULTS  FOR 

ANCHORED 

WALL  DESIGN 

BY  EQUIV 

BEAM  METHOD 

BENDING 

SCALED 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

(FT) 

(LB- FT) 

(LB) 

(LB-IN3) 

(PSF  ) 

JO  .  00 

-0  . 

0  . 

-3  .  58E+09 

148.66 

29.00 

-80. 

-164. 

-2.69E+09 

179.87 

2$  .  0 0 

-339  . 

-360  . 

-1  .79E*09 

2 11.09 

27 .00 

-809  . 

-586  . 

-8 . 96E+Q8 

242 . 31 

26.00 

-1522. 

-844  . 

0  . 

273. 53 

26.00 

-1522. 

7041  . 

0. 

273.53 

25.00 

5377. 

6752. 

8 . 97E+08 

304.75 

24.00 

11971  . 

6432. 

1 .78E+09 

335.96 

23.00 

18230. 

6080  . 

2.65E+09 

367.18 

22.00 

24121  . 

5697  . 

3.49E+09 

398.40 

21.00 

29616  . 

5289. 

4 . 28E  +  09 

418.02 

20.00 

34692. 

486  1  . 

5 . 02E  +  09 

437.65 

19.00 

39332. 

4414  . 

5.71E+09 

457.27 

1?  .  00 

43513. 

3947  . 

6  .  32E+09 

476.89 

17.00 

47218. 

3460  . 

6 . 86  E  * 0  9 

496 . 51 

16.00 

50427. 

2954  . 

7 . 32E+09 

516.14 

15 ,00 

53119. 

2428  . 

7 .69E+09 

535.76 

14 . 00 

55276. 

1882  . 

7 . 97E+09 

555.38 

13.00 

56877 . 

1317  . 

8 . 15E+09 

575.01 

12.00 

57903. 

732. 

8.24E+09 

594.63 

11.00 

58334. 

128. 

8 . 23E  *-Q  9 

614.25 

10.79 

58348  . 

0  . 

8 . 20E+09 

618.32 

10.00 

58152. 

-496  . 

8 . 11E+09 

633.87 

9.00 

57335. 

-1140. 

7 . 90E+09 

653.50 

C15 


00 

55865. 

-1803. 

7 .58E  +  09 

673.12 

00 

53722. 

-2486 . 

7. 17E  +  09 

692.74 

00 

50886  . 

-3189. 

6 .67E+09 

712.36 

00 

47337 . 

-3911 . 

6.08E+09 

731.99 

00 

43057 . 

-4653. 

5 .41E+09 

751.61 

00 

38025. 

-5414. 

4.66E+09 

771.23 

00 

32222. 

-6195. 

3.85E+09 

790.85 

00 

25628. 

-6996  . 

2. 98E+09 

810.48 

00 

18224. 

-7816  . 

2.06E+09 

830.10 

00 

10056. 

-8455. 

1  .  12E  +  09 

446.77 

17 

0. 

-8715. 

0  . 

0.00 

< HOTfe :  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN#*4  TO  OBTAIN  DEFLECTION  IN  INCHES) 


(NOTE:  OUTPUT  TABLE  FOR  EQUIVALENT  BEAM 
METHOD  ENDS  AT  ASSUMED  POINT  OF  INFLECTION) 


DO  YOU  WANT  RESULTS  FOR  ANOTHER  METHOD?  ENTER  'YES’  OR  ’NO* 


I  >Y 

ENTER  METHOD  FOR  WHICH  COMPLETE  RESULTS  ARE  DESIRED 

I>EM 
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WALL  DESIGN 


2  C. --COMPLETE  RESULTS  FOR  ANCHORED 
BY  EQUAL  MOM  METHOD 


BENDING 

ELEVATION 

MOMENT 

(FT) 

(LB-FT) 

30.00 

-0  . 

29.00 

-80  . 

28.00 

-339. 

27 .00 

-809  . 

26.00 

-1522. 

26.00 

-1522 . 

25.00 

4997  . 

24.00 

11212. 

23.00 

17090 . 

22.00 

22602. 

21.00 

27717  . 

20.00 

32414 . 

19.00 

36673. 

18 . 00 

40475. 

17.00 

43801 . 

16.00 

46629 . 

15.00 

48942. 

14.00 

50718. 

13.00 

51940  . 

12.00 

52536  . 

11.41 

52690  . 

11.00 

52638. 

10.00 

52076  . 

9.00 

50879. 

8.00 

49029 . 

7.00 

46506 . 

6.00 

43291 . 

5.00 

39363. 

4.00 

34702. 

3.00 

29291 

2.00 

23108 

1.00 

16134. 

0.00 

8350 

SHEAR 

SCALED 

DEFLECTION 

(LB) 

(LB-IN 3) 

0  . 

-3.73E+09 

-164. 

-2 .80E+09 

-360  . 

-1 .86E+09 

-586  . 

-9 . 33E+08 

-844  . 

0  . 

666  1  . 

0  . 

6372. 

9 . 34E+08 

6052. 

1 .86E  +  09 

5700  . 

2.76E+09 

5317  . 

3.64E+09 

4909. 

4.48E+09 

4481  . 

5 .27E  +  09 

4034. 

6 . 00E+09 

3567  . 

6  .67E+09 

3080  . 

7 . 27  E+  0  9 

2574  . 

7 .80E  +  09 

2048  . 

8.24E+09 

1502. 

8.60E+09 

937  . 

8.87E+09 

352. 

9. 05E+09 

0  . 

9. 11E  +  09 

-252. 

9.  15E+09 

-876  . 

9.  15E  +  09 

-1520. 

9 . 06E+09 

-2183. 

8.88E+09 

-2866  . 

8 . 62E+09 

-3569. 

8.28E+09 

-4291  . 

7 .86E+09 

-5033. 

7.38E+09 

-5794. 

6 .83E  +  09 

-6575. 

6.24E+09 

-7376 . 

5. 60E  +  09 

-8196. 

4 . 94E+09 

Cl  7 


NET 

PRESSURE 
( PSF  ) 
148.66 

179.87 
211.09 
242 .31 
273.53 
273.53 

304.75 
335.96 
367  .  18 
398.40 
418.02 
437.65 
457.27 
476.89 
496 . 51 

516.14 

535.76 
555.38 
575.01 
594.63 

606.14 
614.25 

633.87 
653.50 
673.12 
692.74 
712.36 
731.99 
751.61 
771.23 
790.85 
810.48 
830.10 


-1  .  00 

-197  . 

-8834 . 

4 . 26  E+  0  9> 

446 . 77 

-2.17 

-10696  . 

-9095 . 

3 . 48 E *  0  9 

0.00 

-3.00 

-18249  . 

-896  1  . 

2 . 93E+09 

-319.89 

-4.00 

-24986  . 

-8450 . 

2 . 30E+09 

-703.22 

-5.00 

-35020  . 

-7555  . 

1  .  72E  +  09 

-1  086. 55 

-6.00 

-41968  . 

-6277  . 

1 . 20E+09 

-1469.88 

-7.00 

-4  7  4  46  . 

-4615. 

7  .45E+08 

-1853.22 

-8.00 

-51071  . 

-2570  . 

3.77E+08 

-2236 . 55 

-9.00 

-52459  . 

-142  . 

9  .  75E  +  07 

-2619.88 

-10.00 

-51227 . 

2670  . 

-9.23E+07 

-3003.21 

-11.00 

-46992  . 

5864  . 

-1 . 94E+0S 

-3386 . 54 

-12.00 

-3937  0  . 

9443  . 

-2. 15E+08 

-3769.87 

-13.00 

-27  979  . 

1  3404  . 

-1 . 68E+08 

-4153.20 

-14.00 

-124  34  . 

17749. 

-7.40E+07 

-4536  .53 

-14.65 

0  . 

20761  . 

0  . 

-4784.25 

(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN#*4  TO  OBTAIN  DEFLECTION  IN  INCHES) 


DO  YOU  WANT  RESULTS  FOR  ANOTHER  METHOD?  ENTER  'YES’  OR  'NO' 

I  >Y 

ENTER  METHOD  FOR  WHICH  COMPLETE  RESULTS  ARE  DESIRED 

I  >T  E 
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ZX'  Ry0!?rO7lLrESULTS  F0R  ANCHORED 
Br  TERZAGHI  METHOD 


WALL  DESIGH 


ELEVATION 
(FT) 
30.00 
29.00 
28  .  00 
27.00 
26.00 
26.00 
25.00 
29 . 00 
23.00 
22.00 
21.00 
20.00 
19.00 
IB  .  00 
17.00 
16.00 
15.00 
14.00 
13.00 
12.00 
11.21 
11.00 
10.00 
9.00 
8.00 
7  .  00 
6 .00 
5.00 
4.00 
3.00 
2.00 
1.00 
0  .00 


BENDING 
MOMENT 
(LB-FT) 
-0  . 
-80  . 
-339. 
-8  09. 
-1522. 
-1522. 

5121  . 

1  1  4  6  0. 

1 7463. 
2309S  . 
28337  . 
33158  . 

3  7  54  1  . 
41468. 
44917 . 

4  7  8  6  9. 
50306 . 
52207 . 
53552. 
54323. 
54512. 
54498 . 
54060 . 
52988 . 
51262. 
48363. 
45771 . 
41967. 
37431  . 
32143. 
26084. 
19235. 
11575. 


SHEAR 
(LB) 
0  . 

-164  . 
-36  0  . 
-586  . 
-844  . 
6  785. 
6496  . 
6176  . 
5824  . 
5442  . 
5033. 
46  05  . 
4158  . 
36  91  . 
3204  . 
2698  . 
2172. 
1626  . 
106  1. 
476  . 

0  . 

-128. 
-752. 
-1396. 
-2059. 
-2742. 
-3445. 
-4167. 
-4909 . 
-5670 . 
"6451  . 
-7252. 
-8072. 


SCALED 

deflection 

(LB- IN3  ) 
-3 . 96E+09 
-2. 97E+09 
-1 . 98E+09 
-9 . 92E+08 
0  . 

0  . 

9 . 93E  +  08 
1  .  98E  +  09 
2 . 94E+  0  9 
3 . 8  7  E-t  0  9 
4  .  77E+09 
5.61E+09 

6  .  40E+09 

7  .  1 3E  +  09 
7 . 78E+09 
8 . 35E+09 
8 . 84E+09 
9 . 25E  +  09 
9.56E+09 
9  .  78E  +  09 
9.88E+09 
9 . 91E+09 
9.  95E+09 
9.89E+09 
9. 74E+09 
9.50E+09 
9.17E+09 
8. 77E+09 
8. 30E+09 
7 . 76E+09 
7 . I6E+09 
6.52E+09 
5 . 85E+09 


NET 

PRESSURE 
(PSF) 
148 .66 
179.87 
211.09 
242.31 
273.53 
273.53 

304.75 
335 . 96 
367.18 
398.40 
418.02 
437.65 
457 .27 
476.89 
496.51 

516.14 

535.76 
555.38 
575.01 
594.63 

610.15 
614.25 
633.87 
653.50 
673.12 
692.74 
712.36 
731  .  99 
751.61 
771.23 
790.85 
810.48 
830.10 


-1.00 

3151  . 

-8710 . 

5. 16E+09 

446.77 

-2.17 

-7203 . 

-8971 , 

4 . 34E+09 

0.00 

-3.00 

-14652 . 

-8837 . 

3.77E+09 

-319.39 

-4 .00 

-23265  . 

-8326 . 

3.  11E+09 

-703.22 

-5.00 

-31176  . 

-7431  . 

2 . 48  E  *  0  9 

-1086.55 

-6 .00 

-37  999  . 

-6153. 

1  .  91E  +  09 

-1469.88 

-7.00 

-43353  . 

-4491 . 

1  .41E  +  09 

-1853.22 

-8.00 

-46854  . 

-2446 . 

9 . 80E  +  08 

-2236 . 55 

-9.00 

-48118  . 

-18  . 

6.31E+08 

-2619.88 

-10.00 

-46762  . 

2794  . 

3.66E+08 

-3003.21 

-11.00 

-42403 . 

5988  . 

1 .80E  +  08 

-3386 . 54 

-12.00 

-34657  . 

9567  . 

6 . 7  5E  +  0  7 

-3769.87 

-13.00 

-23142  . 

13528. 

1 .42E  +  07 

-4153.20 

-14.00 

-747  3  . 

17873. 

3.49E+05 

-4536 . 53 

-14.40 

0  . 

19708 . 

0  . 

-4689.03 

(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN#*4  TO  OBTAIN  DEFLECTION  IN  INCHES) 


DO  YOU  WANT  RESULTS  FOR  ANOTHER  METHOD?  ENTER  'YES'  OR  ’NO' 

I  >N 

DO  YOU  WANT  GEOMETRY  AND/OR  RESULTS  PLOTTED? 

ENTER  'GEOMETRY',  'RESULTS',  'BOTH',  OR  'NEITHER' 
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Verification  of  Problem  "ANCH1"  (Sheet  1  of  7) 
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Verification  of  Problem  "ANCHl"  (Sheet  6  of  7) 
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PROBLEM  "ANCH1A" 

Analysis  of  Hall  of  Problem  "ANCHl " 
for  Bottom  of  Hall  at  EL  -  14.50 
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PROGRAM  SHTWAL  -  DESIGN/ANALYSIS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  MALLS  BY  CLASSICAL  METHODS 
DATE:  01/21/81  TIME:  12=09:06 

2.  RESULTS 

2. A. --HEADING 

PROBLEM  -  ANCH1A  -  SAME  AS  PROBLEM  ANCH1  EXCEPT 
ANALYZE  FOR  BOTTOM  OF  WALL  AT  EL  -14.5,  USE  SHEET  PILE 
WITH  MOMENT  OF  INERTIA  =  220.4  IN*«4 


2. B. --SUMMARY  OF  RESULTS  FOR  ANCHORED  WALL  ANALYSIS 


SOIL  PRESSURES  DETERMINED  BY  COULOMB 
COEFFICIENTS  AND  THEORY  OF  ELASTICITY 
EQUATIONS  FOR  SURCHARGE  LOADS 


FACTOR  OF 

MAXIMUM 

MAXIMUM 

METHOD 

SAFETY 

BENDING  MOMENT 

DEFLECTION 

CLB-FT) 

(IN) 

FREE  EARTH  : 

1.46 

135673. 

5.81E+00 

FIXED  EARTH: 

.98 

52269. 

1.47E+00 

EQUIV  BEAM  : 

1.03 

60960. 

1 . 36E+00 

EQUAL  MOM  : 

.  99 

52068. 

1.41E+00 

TERZAGHI  = 

1.01 

55043. 

1 .58E+00 

DO  YOU  WANT 

COMPLETE 

RESULTS  OUTPUT? 

ENTER  'YES' 

OR  'NO1 

I>Y 


COMPLETE  RESULTS  ARE  AVAILABLE  FOR  FOLLOWING 
METHODS  OF  ANALYSIS: 


FREE 

EARTH  : 

ENTER 

'FR' 

ON 

CUE 

FIXED 

EARTH: 

ENTER 

'FI' 

ON 

CUE 

EQUIV 

BEAM  : 

ENTER 

•EB' 

ON 

CUE 

EQUAL 

MOM  : 

ENTER 

'EM' 

ON 

CUE 

TERZAGHI  : 

ENTER 

*  TE* 

ON 

CUE 

ANCHOR 
FORCE 
(LB) 
14019. 
7388. 
8177  . 
7436  . 
7686  . 
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-COMPLETE 

RESULTS  FOR 

ANCHORED 

WALL  ANALYSIS 

BY  FREE  EARTH  METHOD 

BENDING 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

(FT) 

(LB-FT) 

(LB) 

(IN) 

( PSF ) 

30.00 

-0  . 

0  . 

-1 .88E+00 

202.15 

29.00 

-108  . 

-223. 

-1.41E+00 

244.61 

28.00 

-461  . 

-489  . 

-9. 39E-01 

287 . 06 

27.00 

-1101. 

-797  . 

-4.70E-01 

329.51 

26.00 

-2070  . 

-1148. 

0  . 

371.96 

26 .00 

-2070  . 

12870 . 

0  . 

371 . 96 

25 .00 

10607  . 

12477  . 

4.70E-01 

414.42 

24 .00 

22870  . 

12042 . 

9 . 37E-01 

456.87 

23.00 

34677 . 

11564. 

1  .40E+00 

499.32 

22 .00 

45983. 

11043. 

1 .85E*00 

541.77 

21 . 00 

56751 . 

10488. 

2.29E+00 

568.46 

20.00 

66950 . 

9906  . 

2.71E+00 

595.14 

19.00 

76554 . 

9298  . 

3  .  12E  +  00 

621.82 

18.00 

85537 . 

8662  . 

3 . 50E+00 

648.51 

17.00 

93870 . 

8001  . 

3 .86E  +  00 

675.19 

16 .00 

101529. 

7312  . 

4.20E+00 

701.88 

15.00 

108486  . 

6597  . 

4 . 51E+00 

728.56 

14 . 00 

114714. 

5855  . 

4 . 79E+00 

755.25 

13.00 

120187  . 

5086  . 

5  .  04E  +  00 

781 . 93 

12.00 

124878. 

4291  . 

5 . 25E  +  00 

808.61 

11.00 

128760  . 

3469. 

5.44E+00 

835.30 

10.00 

131807  . 

2620  . 

5.58E+00 

861.98 

9.00 

133992. 

1745. 

5. 70E+00 

888.67 

8.00 

135288 . 

843. 

5.77E+00 

915.35 

7  .00 

135669 . 

-86  . 

5.81E+00 

942.04 

6.00 

135108. 

-1041  . 

5.81E+00 

968.72 

5.00 

133579. 

-2023. 

5.78E+00 

995.40 

4 .00 

131054. 

-3032. 

5.71E+00 

1022.09 

3.00 

127506. 

-4067 . 

5.60E+00 

1048.77 

2.00 

122910. 

-5129. 

5.46E+00 

1075.46 

1.00 

117239. 

-6218. 

5.29E+00 

1102.14 

0.00 

110465. 

-7334. 

5.09E+00 

1128.83 

-1.00 

102605. 

-8350. 

4.85E+00 

903.40 

C30 


-2.00 

93841 . 

-9140  . 

4.59E+00 

677.98 

-3.00 

84399. 

-9706  . 

4 . 30E+00 

452.55 

-4.00 

74505  . 

-10045  . 

3.  99E  +  00 

227.13 

-5 .00 

64384 . 

-10160  . 

3 . 66 E *■  0 0 

1.70 

-6  .00 

54260 . 

-10049. 

3.31E+00 

-223.72 

-7  .00 

44361 . 

-9712. 

2 . 95E  +  00 

-449.15 

-8.00 

34911 . 

-9151  . 

2.58E+00 

-674.57 

-9.00 

26135. 

-8363. 

2. 19E  +  00 

-900.00 

10.00 

18259. 

-7351  . 

1 .80E  +  00 

-1125.42 

11.00 

11509. 

-6112  . 

1  .40E+00 

-1350.84 

12.00 

6109. 

-4649. 

1  .  00E+00 

-1576.27 

13.00 

2286  . 

-2960 . 

6  .  0  3  E- 0  1 

-1801.69 

14.00 

265. 

-1046  . 

2 . 02E-01 

-2027 .12 

14.50 

0  . 

-4  . 

7  .  09E-04 

-2139.83 

14.50 

0  . 

-0  . 

0  . 

-2140.23 
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-COMPLETE 

RESULTS  FOR 

ANCHORED 

WALL  ANALYSIS 

BY  FIXED 

EARTH  METHOD 

BENDING 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

(FT) 

(LB-FT) 

(LB) 

(IN) 

( PSF ) 

30 . 00 

0. 

0  . 

-5.89E-01 

145.26 

29.00 

-78. 

-161  . 

-4.42E-01 

175.76 

28.00 

-331  . 

-352. 

-2. 95E-01 

206.27 

27 .00 

-791  . 

-573. 

-1.48E-01 

236.77 

26.00 

-1487 . 

-825. 

0  . 

267 . 27 

26.00 

-1487. 

6563. 

0  . 

267 .27 

25.00 

4936. 

6280  . 

1 .48E-01 

297 . 78 

24.00 

11062. 

5967  . 

2.94E-01 

328.28 

23.00 

16860 . 

5624  . 

4 . 37E-01 

358.79 

22.00 

22299. 

5250  . 

5.76E-01 

389.29 

21.00 

27351 . 

4851  . 

7 . 09E-0I 

408.47 

20.00 

31994 . 

4433. 

8 . 34E-01 

427.64 

19.00 

36210 . 

3995  . 

9 . 5 1 E  —  0 1 

446.81 

18.00 

39978 . 

3539  . 

1 . 06E+00 

465.99 

17.00 

43281  . 

3063  . 

1 . 15E+00 

485.16 

16 .00 

46098 . 

2569  . 

1 .24E+00 

504.34 

15.00 

48412 . 

2055  . 

1 . 31E+00 

523.51 

14.00 

50201  . 

1522  . 

1 . 37E+00 

542.68 

13.00 

51448 . 

969  . 

1 . 41E+00 

561.86 

12.00 

52133. 

398. 

1 . 45E+00 

581.03 

11.32 

52269. 

0  . 

1 .46E+00 

594.02 

11.00 

52238. 

-193. 

1 . 46E+00 

600.21 

10  .00 

51741  . 

-803  . 

1 .47E+00 

619.38 

9.00 

50626. 

-1431  . 

1 .46E+00 

638.55 

8.00 

48872. 

-2080  . 

1 .43E+00 

657.73 

7.00 

46460  . 

-2747  . 

1 . 39E+00 

676.90 

6  .  00 

43371 . 

-3433. 

1 . 34E+00 

696.08 

5.00 

39587 . 

-4139. 

1 .28E+00 

715.25 

4.00 

35087 . 

-4864  . 

1 .21E+00 

734.43 

3.00 

29852. 

-5608. 

1 . 13E+00 

753.60 

2.00 

23864. 

-6371  . 

1 . 04E+00 

772.77 

1.00 

17104. 

-7154. 

9.40E-0I 

791 . 95 

0  .00 

9551. 

-7955. 

8.39E-01 

811.12 
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-1  .00 

1257. 

-8567 . 

7.36E-01 

412.41 

-2.00 

-7450  . 

-8780 . 

6 . 32E-01 

13.69 

-3.00 

-16170 . 

-8594 . 

5 . 30E-01 

-385.02 

-4 .00 

-24506  . 

-8010 . 

4. 32E-01 

-783.74 

-5.00 

-32057  . 

-7027  . 

3 . 4 1 E  —  0  1 

-1182.45 

-6 .00 

-38426  . 

-5645 . 

2 . 59E-01 

-1581 . 16 

-7  .  00 

-43214. 

-3864  . 

1.87E-01 

-1979.88 

-8 .00 

-46022 . 

-1685 . 

1 . 26E-01 

-2378.59 

-9.00 

-46452. 

893  . 

7 .83E-02 

-2777 .31 

-10.00 

-44104 . 

3869  . 

4 . 28E-02 

-3176.02 

-11.00 

-38580  . 

7245  . 

1 . 91E-02 

-3574.73 

-12.00 

-29482. 

11019. 

5.82E 

-3973.45 

-12.94 

-17317  . 

14929  . 

5.63E  04 

-4348 . 14 

-13.18 

-13584. 

15460 . 

0  . 

0.00 

-14.50 

-0  . 

0  . 

-6  .  38E-04 

23460.09 

PROBLEM  "ANCH2" 

Anchored  Wall  Design — Granular  Backfill,  Cohesive  Soil 
Horizontal  Line  Load  at  Top  of  Wall 
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PROGRAM  SHTWAL  -  DESIGN/ANALYSIS  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  01/21/81  TIME:  12:20=27 


ARE  INPUT  DATA  TO  BE  READ  FROM  TERMINAL  OR  FILE? 
ENTER  'TERMINAL'  OR  'FILE* 

I  >T 


ENTER  NUMBER  OF  HEADER  LINES  (1  TO  41 

I  >3 

ENTER  FIRST  HEADER  LINE  (1  TO  70  CHARACTERS) 
I /PROBLEM  -  AHCH2  -  ANCHORED  WALL  DESIGN 


ENTER 

I>LAYERED 


SECOND  HEADER  LINE  (1  TO  70  CHARACTERS) 

SOIL  -  GRANULAR  BACKFILL  -  COHESIVE  SUBOSOIL 


ENTER  THIRD  HEADER  LINE  (1  TO  70  CHARACTERS) 
I/HORIZONTAL  LINE  LOAD  AT  TOP  OF  WALL 


ENTER  WALL  TYPE:  'CANT'  OR  'ANCH' 

I  >  A 


ENTER  MODE:  'DESIGN'  OR  'ANALYSIS’ 

I  >D 


ENTER  NUMBER  OF  METHODS  TO  BE  USED  IN 
ANCHORED  WALL  DESIGN  OR  ANALYSIS  (1  TO  5) 

I  >5 


WALL  DATA,  ENTER  VALUES  UNDER  HEADINGS 

ELEVATION  AT  FACTOR 

TOP  OF  OF 

WALL  ANCHOR  SAFETY 

(FT)  (FT) 

I  >8  4  1 
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RIGHT  SIDE  SOIL  DESCRIPTION.  ENTER 

NUMBER  OF  NUMBER  OF 

SURFACE  POINTS  SOIL  LAYERS 

(1  TO  15)  (1  TO  15) 

I>1  3 

ENTER  1  SURFACE  POINT  ELEVATIONS  UNDER  HEADINGS 
SUREL (  1)  SURELt 

(FT)  (FT)  (FT)  (FT)  (FT) 

I  >8 

ENTER  SOIL  LAYER  DATA  UNDER  HEADINGS.  ONE  LINE  PER  LAYER 

SATURATED  INTERNAL  WALL  BOTTOM 

UNIT  FRICTION  FRICTION  ELEV 

WEIGHT  ANGLE  COHESION  ANGLE  AT  WALL 
( PCF )  (DEG)  ( PS  F )  (DEG)  (FT) 

I >  1 05  30  0  20  0  0 
I > 1 28 . 5  30  0  20  -22  0 
I >122 . 5  0  1500  0 


LEFT  SIDE  SOIL  DESCRIPTION.  ENTER 

NUMBER  OF  NUMBER  OF 

SURFACE  POINTS  SOIL  LAYERS 

(1  TO  15)  (1  TO  15) 

I>I  1 

ENTER  1  SURFACE  POINT  ELEVATIONS  UNDER  HEADINGS 
SUREL (  1)  SUREL ( 

(FT)  (FT)  (FT)  (FT)  (FT) 

I  >-22 

ENTER  SOIL  LAYER  DATA  UNDER  HEADINGS.  ONE  LINE  PER  LAYER 

SATURATED  INTERNAL 

UNIT  FRICTION 
WEIGHT  ANGLE 

(PCF)  (DEG) 

I>122 . 5  0  1500  0 
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COHESION 
( PSF ) 


WALL 

FRICTION 

ANGLE 

(DEG) 


BOTTOM 
ELEV 
AT  WALL 
(FT) 


BOTTOM 

SLOPE 

(FT/FT) 


BOTTOM 
SLOPE 
(FT/P  I  ) 


WATER  DATA,  ENTER  VALUES  UNDER  HEADINGS 


RIGHT  SIDE 
ELEVATION 
(FT) 

I>0  -4  62.5  1 


LEFT  SIDE  UNIT 

ELEVATION  WEIGHT 

(FT)  ( PCF) 


PRESSURE 
OPTION 
(0  OR  1) 


SURCHARGE  LOADS  ON  RIGHT  SIDE  SURFACE 
ENTER  NUMBER  OF  LINE  LOADS  (0  TO  4) 


DISTRIBUTED  LOAD  DESCRIPTION 

ENTER  'NONE',  'STRIP',  'RAMP',  'TRIANG',  OR  ’UNIF' 
I>NONE 


I>1 


HORIZONTAL  LOAD  DATA.  ENTER 


NUMBER  OF 
LINE  LOADS 
(0  TO  4) 

0  0 


NUMBER  OF 
PRESSURE  PTS 
(0  OR  2  TO  12) 


EARTHQUAKE 

ACCELERATION 

(G'S) 


ENTER  HORIZONTAL  LINE  LOAD  DATA  UNDER  HEADINGS 


LOAD(l)  LOAD( 


ELEV 

LOAD 

ELEV 

LOAD 

ELEV 

LOAD 

ELEV 

(FT) 

(PLF) 

(FT) 

(PLF) 

(FT) 

(PLF) 

(FT) 

I>8  1000 
INPUT 
DO  YOU 

COMPLETE . 
WANT  TO 

NO  ERRORS 
EDIT  INPUT 

DETECTED 
DATA?  ENTER 

'YES'  OR 

'NO' 

I>N 


DO  YOU  WANT  INPUT  DATA  ECHOPRINTED  TO  YOUR 
TERMINAL,  TO  A  FILE,  TO  BOTH,  OR  NEITHER? 

ENTER  'TERMINAL',  'FILE',  'BOTH',  OR  'NEITHER' 

I  >T 


LOAD 

(PLF) 


PROGRAM  SHTUIAL  -  DES I GN/ AN AL YSI S  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  01/21/81  TIME:  12=26:09 

1.  INPUT  DATA 

1 . A . --HEADING 

PROBLEM  -  ANCH2  -  ANCHORED  WALL  DESIGN 

LAYERED  SOIL  -  GRANULAR  BACKFILL  -  COHESIVE  SUBSOIL 

HORIZONTAL  LINE  LOAD  AT  TOP  OF  WALL 


1 . B . --WALL  TYPE,  MODE,  METHOD 

ANCHORED  WALL  DESIGN  BY  FREE  EARTH  METHOD 
ANCHORED  WAIL  DESIGN  BY  FIXED  EARTH  METHOD 
ANCHORED  WALL  DESIGN  BY  EQUIVALENT  BEAM  METHOD 
ANCHORED  WALL  DESIGN  BY  EQUAL  MOMENT  METHOD 
ANCHORED  WALL  DESIGN  BY  TERZAGHI  METHOD 


I.C.—  WALL  DESCRIPTION 

TOP  OF  WALL  ELEVATION  =  8.00  (FT) 
ANCHOR  ELEVATION  =  A. 00  (FT) 
FACTOR  OF  SAFETY  =  1.00 


1  D. --RIGHT  SIDE  SOIL  DESCRIPTION 

NUMBER  OF  RIGHT  SIDE  SURFACE  POINTS  =  1 
NUMBER  OF  RIGHT  SIDE  SOIL  LAYERS  =  3 


RIGHT  SIDE  SURFACE  POINT  COORDINATES 
POINT  ELEVATION  X-COORD 

NO.  (FT)  (FT) 

1  8.00  0.00 
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RIGHT 

SIDE  SOIL 

LAYER  DATA 

LAYER 

UNIT 

INTERNAL 

FRICTION 

NO. 

WEIGHT 

ANGLE 

COHESION 

1 

(PCF) 

(DEG) 

( PS  F ) 

105.00 

30  .  00 

0.00 

2 

128.50 

30  .  00 

0.00 

3 

122 .50 

0.00 

1500.00 

WALL  BOTTOM 

FRICTION  ELEV 

ANGLE  AT  WALL 

(DEG)  (FT) 

20.00  0.00 

20.00  -22.00 

0.00 


BOTTOM 
SLOPE 
( FT/FT ) 
1=0.0 
1  =  0.0 


1 


E. 


--LEFT  SIDE  SOIL 
NUMBER  OF  LEFT  S 
NUMBER  OF  LEFT  S 


DESCRIPTION 

IDE  SURFACE  POINTS 

IDE  SOIL  LAYERS 


l 

1 


onrIrSIDE  SURFACE  POINT  COORDINATES 
P?,£NT  ELEVATION  X-COORD 

NO.  (FT)  (FT) 

1  -22.00  0.00 


LEFT 

SIDE  SOIL 

LAYER  DATA 

INTERNAL 

WALL 

BOTTOM 

LAYER 

UNIT 

FRICTION 

FRICTION 

ELEV 

NO. 

WEIGHT 

ANGLE  COHESION 

ANGLE 

AT  WALL 

(PCF) 

(DEG)  ( PSF ) 

(DEG) 

(FT) 

1 

122.50 

0.00  1500.00 

0.00 

BOTTOM 

SLOPE 

(FT/FT) 


l.F. --WATER  DATA 

RIGHT  SIDE  ELEVATION 
LEFT  SIDE  ELEVATION 
WATER  UNIT  WEIGHT 
PRESSURE  REDUCTION  OPTION 


0.00  (FT) 
-4.00  (FT) 
62.50  ( PCF) 
1 


1 .G. --SURCHARGE  LOADS 

NUMBER  OF  LINE  LOADS  =  0 

DISTRIBUTED  LOAD  DISTRIBUTION  =  NONE 
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1 

0 

0.00  (G'S) 


HORIZONTAL  LINE  LOADS  ON  WALL 
LOAD  ELEVATION  LOAD 

NO.  (FT)  (PLF) 

1  8.00  1000.00 


DO  YOU  WANT  A  PLOT  OF  INPUT  GEOMETRY? 

ENTER  'YES'  OR  ’NO’ 

I>N 

INPUT  SEQUENCE  COMPLETE. 

DO  YOU  WANT  TO  CONTINUE  SOLUTION’ 

ENTER  'YES'  OR  'NO' 

I  >Y 

DO  YOU  WANT  ACTIVE  AND  PASSIVE  SOIL  PRESSURES 
PRINTED  AT  YOUR  TERMINAL?  ENTER  'YES'  OR  'NO' 

I  >N 

SOLUTION  COMPLETE 

DO  YOU  WANT  RESULTS  PRINTED  AT  YOUR  TERMINAL, 
WRITTEN  TO  A  FILE,  OR  BOTH? 

ENTER  'TERMINAL',  'FILE',  OR  'BOTH' 


1 .H. --HORIZONTAL  LOADS 

NUMBER  OF  HORIZONTAL  LINE  LOADS 
NUMBER  OF  HORIZONTAL  PRESSURE  POINTS 
EARTHQUAKE  ACCELERATION 
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v.  ** 


PROGRAM  SHTWAl  -  DES I GN/ AN A L YS I S  OF  ANCHORED 
OR  CANTILEVER  SHEET  PILE  WALLS  BY  CLASSICAL  METHODS 
DATE:  01/21/81  TIME:  13:34:30 

2.  RESULTS 
2 . A . --HEADING 


PROBLEM  -  ANCH2  -  ANCHORED  WALL  DESIGN 
LAYERED  SOIL  -  GRANULAR  BACKFILL  -  COHESIVE 
HORIZONTAL  LINE  LOAD  AT  TOP  OF  WALL 


SUBSOIL 


2. B. --SUMMARY  OF  RESULTS  FOR  ANCHORED  WALL  DESIGN 


SOIL  PRESSURES  DETERMINED  BY  COULOMB 
COEFFICIENTS  AND  THEORY  OF  ELASTICITY 
EQUATIONS  FOR  SURCHARGE  LOADS 


METHOD 

FREE  EARTH 
FIXED  EARTH 
EQUIV  BEAM 
EQUAL  MOM 
TERZAGHI 


WALL 

BOTTOM 

PEN 

EL  EV 

(FT) 

(  FT  ) 

3.2 

-25.2 

10.4 

-32.4 

6.6 

-28 . 6 

8.8 

-30.8 

8 . 7 

-30 . 7 

MAXIMUM 
BENDING  MOMENT 
(LB-FT) 
61315. 
42644  . 
53186  . 
41451. 
42342. 


MAX  SCALED 

ANCHOR 

DEFLECTION 

FORCE 

(LB-IN3) 

(LB) 

8.97E+09 

8248. 

5. 75E+09 

6929. 

6 . 30E+09 

7695. 

5 . 3  9  E  +  o  9 

6838. 

5.67E+09 

6906  . 

(NOTE--  PENETRATION  FOR  EQUIVALENT  BEAM 
METHOD  DOES  NOT  INCLUDE  INCREASE 
PRESCRIBED  BY  DRAFT  EM  1110-2-2906) 


(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN*#4  TO  OBTAIN  DEFLECTION  IN  INCHES) 
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I  >Y 


DO  YOU  WANT  COMPLETE  RESULTS  OUTPUT? 
ENTER  'YES'  OR  'NO' 


COMPLETE  RTSULTS  ARE  AVAILABLE  FOR  FOLLOWING 


METHODS  OF  ANALYSIS: 

FREE  EARTH 

ENTER 

’FR’ 

ON 

CUE 

FIXED  EARTH 

ENTER 

•  FI  • 

ON 

CUE 

EQUIV  BFAM 

ENTER 

•EB’ 

ON 

CUE 

EQUAL  MOM 

ENTER 

•  EM’ 

ON 

CUE 

TERZAGHI 

ENTER 

'TE' 

ON 

CUE 

ENTER  METHOD  FOR 

WHICH 

COMPL 

ETE 

RESULTS  ARE  DESIRED 

I  >  FR 


i 


i 
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i 


ANCH0'Et'  u,u  DE5IW 


bending 


ELEVATION 

MOMENT 

(FT) 

(LB-FT) 

8.00 

0  . 

7.00 

-1005. 

6  .00 

-2042. 

5.00 

-3140  . 

4.00 

-4333 . 

4.00 

-4333. 

3.00 

2598  . 

2.00 

9372  . 

1  .00 

15959. 

0  .00 

22328 . 

-1.00 

28438. 

-2.00 

34217  . 

-3.00 

39581 . 

-4 . 00 

44449 . 

-5.00 

48750 . 

-6 . 00 

52453. 

-7.00 

55538. 

-8 . 00 

57986 . 

-9.00 

59778. 

-10.00 

60893. 

-11.00 

61312 . 

-12.00 

61015. 

-13.00 

59984  . 

-14.00 

58197  . 

-15.00 

55636  . 

-16.00 

52281 . 

-17.00 

48112. 

-18.00 

43110. 

SHEAR 

SCALED 

DEFLECTION 

(LB) 

(LB-IN3) 

-  100  0  . 

-  3 . 7  0E+  0  9 

-1016. 

-2. 78E+09 

-1  062. 

-1 .86E+Q9 

-1140. 

-9. 32E+08 

-1250  . 

0  . 

6998. 

0  . 

6858. 

9 . 37E+08 

6686  . 

1 .87E+09 

6483. 

2 . 79E+09 

6249. 

3.67E+09 

5958. 

4 . 52E+09 

5585. 

5 . 33E+09 

5130  . 

6 . 07E+09 

4593  . 

6 . 74E+09 

4005. 

7.34E+09 

3397  . 

7 .85E+09 

2770  . 

8 . 27E  +  09 

2123. 

8 . 60E+09 

1457  . 

8 . 83E  +  0  9 

770  . 

8. 95E+09 

65. 

8. 97E  +  09 

-661  . 

S.88E+09 

-1406  . 

8.68E+D9 

-2171  . 

8.39E+09 

-2955. 

7 . 99E+09 

-3759. 

7.50E+09 

-4582. 

6 . 91E+09 

-5425. 

6.25E+09 

NET 

PRESSURE 
( PSF) 
0.00 
31.22 
6  2.44 
93.65 

124.87 

124.87 
156.09 
187 . 31 
218.53 
249.74 

331.87 
413.99 
496.11 
578.23 
597.86 
617.48 
637.10 
656.73 
676.35 
695.97 
715.59 
735.22 
754.84 
774.46 
794.08 
813.71 
833.33 
852.95 
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I  >Y 
I>FI 


-19, 

.00 

-20  , 

.  00 

-21 

.  00 

-22. 

.00 

-22, 

,  00 

-23 

.00 

-24  , 

.00 

-25 

.00 

-25. 

.  16 

37255. 
30527  . 
22907  . 
14  376  . 
14  376  . 
6767  . 
1967  . 
38  . 
0  . 


-6288 

-7170 

-8072 

-8994 

-8994 

-6214 

-3374 

-474 

-0 


5.51E+09 
4.70E+09 
3.84E+09 
2 . 95E+09 
2 . 95E+09 
2.02E+09 
1 . 09E+09 
1.52E+08 
0  . 


872.58 
892.20 
911.82 
931.44 
-2750 .00 
-2810.00 
-2870 . 00 
-2930 .00 
-2939.69 


(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN*#4  TO  OBTAIN  DEFLECTION  IN  INCHES) 


DO  YOU  WANT  RESULTS  FOR  ANOTHER  METHOD?  ENTER  'YES'  OR  'NO' 
ENTER  METHOD  FOR  WHICH  COMPLETE  RESULTS  ARE  DESIRED 


C45 


-COMPLETE 

RESULTS  FOR 

ANCHORED 

WALL  DESIGN 

BY  FIXED 

EARTH  METHOD 

BENDING 

SCALED 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

(FT) 

(LB-FT) 

(LB) 

(LB-IN3) 

(PSD 

8.00 

-0  . 

-1000 . 

-2.49E+09 

0 .00 

7.00 

-1005 . 

-1016  . 

-1 .87E  +  09 

31 .22 

6.00 

-2042. 

-1062. 

-1 . 25E+09 

62.44 

5.00 

-3140 . 

-1140. 

-6 . 29E+08 

93.65 

4.00 

-4333 . 

-1250 . 

0  . 

124.87 

4.00 

-4333 . 

5679  . 

0  . 

124.87 

3.00 

127  9. 

5539. 

6 . 35E+08 

156.09 

2.00 

6734  . 

5367  . 

1 .27E+09 

187.31 

1.00 

12002. 

5164  . 

1 .89E+09 

218.53 

0.00 

17052. 

4  930  . 

2 . 49E+09 

249.74 

-I  .  00 

21843 . 

4639. 

3 . 06E+09 

331.87 

-2.00 

26302. 

4266  . 

3 . 59E+09 

413.99 

-3.00 

30348 . 

3811  . 

4 . 08E+09 

496.11 

-4.00 

33397 . 

3274. 

4.51E+09 

578.23 

-5.00 

36879. 

2686  . 

4 . 89E+09 

597.86 

-6.00 

39263 . 

2078  . 

5 . 20E+09 

617.48 

-7.00 

41029. 

1451  . 

5 . 45E+09 

637.10 

-8.00 

42158 . 

804  . 

5.62E+09 

656.73 

-9.00 

42630 . 

137. 

5.73E+09 

676  .35 

-9.20 

42644 . 

0. 

5.73E409 

680 . 33 

-10.00 

42426  . 

-549. 

5.75E+09 

695.97 

-11.00 

41526  . 

-1254  . 

5 . 71E+09 

715.59 

-12.00 

39911 . 

-1980  . 

5 . 59E+09 

735.22 

-13.00 

37560  . 

-2725. 

5.41E+09 

754.84 

-14.00 

34455 . 

-3490  . 

5. 16E  +  09 

774.46 

-15.00 

30575. 

-4274  . 

4.85E+09 

794.08 

-16  .  Q0 

25901 . 

-5078. 

4.48E+09 

813.71 

-17.00 

20413. 

-5901  . 

4. 08E+09 

833.33 

-18.00 

14092. 

-6744. 

3.63E+09 

852.95 
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-19.00 

6  917. 

-7607 . 

3. 17E+09 

872 . 58 

-20 . 00 

-1129. 

-8490 . 

2.69E+09 

892 .20 

-21.00 

-10068. 

-9392 . 

2.21E+09 

911.82 

-22 .00 

-19919. 

-10313. 

1 . 75E+C9 

931.44 

-22.00 

-19919  . 

-10313. 

1 .75E+09 

-2750 .00 

-2 J  .  00 

-28847  . 

-  7533  . 

1 . 33E+09 

-2810.00 

-24 .00 

-34965  . 

-4693 . 

9.55E+08 

-2870.00 

-25 . 00 

-38213. 

-1793 . 

6 . 40E+08 

-2930.00 

-26.00 

-38531  . 

1167  . 

3 . 91E+08 

-2990 .00 

-27 . 00 

-35860  . 

4187  . 

2 . 08E+08 

-3050.00 

-27.87 

-31027  . 

6876  . 

9 . 8  1 E  <•  0  7 

-3102.46 

-28.87 

-22943. 

8947  . 

2.23E+07 

-1039.62 

-29.38 

-18  346  . 

9209  . 

0  . 

0.00 

-30.87 

-5719  . 

6  90  1  . 

-2  .  63E  +  07 

3086 .05 

-31.87 

-705  . 

2783. 

-2.83E+07 

5148.88 

-32.37 

0  . 

-0  . 

-2 . 83E+07 

6163.98 

(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN**4  TO  OBTAIN  DEFLECTION  IN  INCHES) 


DO  YOU  WANT  RESULTS  FOR  ANOTHER  METHOD?  ENTER  'YES'  OR  'NO 


-COMPLETE 

RESULTS  FOR 

ANCHORED 

WALL  DESIGN 

BY  EQUIV 

BEAM  METHOD 

BENDING 

SCALED 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

(FT) 

(LB-FT) 

(LB) 

(LB-IN3) 

( PSF ) 

8.00 

-0  . 

-1  000  . 

-2.82E+09 

0.00 

7  .  00 

-1005. 

-1016  . 

-2.12E+09 

31.22 

6 .00 

-2042 . 

-1062 . 

-1 .42E  +  09 

62.44 

5.00 

-3140 . 

-1140  . 

-7  .  11E  +  08 

93.65 

4 . 00 

-4333. 

-1250  . 

0  . 

124.87 

4.00 

-4333. 

6445  . 

0  . 

124.87 

3 .00 

2045. 

6305  . 

7 . 16E+08 

156.09 

2 .00 

8266  . 

6133  . 

1 .43E+09 

187 .31 

1  .00 

14300 . 

5930  . 

2. 13E+09 

218.53 

0  .00 

20116  . 

56  96  . 

2 .80E  +  09 

249.74 

-1  .00 

25673. 

5405. 

3.44E+09 

331.87 

-2.00 

30899. 

5032. 

4 . 03E+09 

413.99 

-3.00 

3571  1  . 

4577  . 

4 . 58E+09 

496.11 

-4.00 

40026 . 

4040  . 

5 . 05E+09 

578.23 

-5.00 

43774 . 

3452. 

5 . 47E+09 

597.86 

-6  .00 

46924. 

2844  . 

5.80E+09 

617.48 

-7.00 

49456 . 

2217  . 

6 . 05E+09 

637.10 

-8.00 

51351  . 

1570  . 

6 . 22E+09 

656.73 

-9.00 

52590  . 

904  . 

6  .  30E  +  09 

676 . 35 

-10.00 

53152. 

217  . 

6 .29E+09 

695.97 

-10.31 

53186 . 

0  . 

6 .26E+09 

702.07 

-11.00 

53018. 

-488  . 

6 . 19E+09 

715.59 

-12.00 

52169. 

-1214  . 

5. 99E+09 

735.22 

-13.00 

50584  . 

-1959. 

5.71E+09 

754.84 

-14.00 

48245. 

-2723. 

5.34E+09 

774.46 

-15.00 

45131 . 

-3508. 

4 . 88E+  0  9 

794.08 

-16.00 

41223 . 

-4312. 

4.35E+09 

813.71 

-17.00 

36501 . 

-5135. 

3.75E+09 

833.33 

-18.00 

30946 . 

-5978. 

3.08E+09 

852.95 
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-19.00 

24538. 

-6841  . 

2 . 36E+09 

872 

-20.00 

17257  . 

-7723. 

1 .60E+09 

892 

-21.00 

9085. 

-8625. 

8 . 08E  +  08 

911 

-22.00 

-0  . 

-9547 . 

0  . 

931 

(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN**4  TO  OBTAIN  DEFLECTION  IN  INCHES) 


(NOTE:  OUTPUT  TABLE  FOR  EQUIVALENT  BEAM 
METHOD  ENDS  AT  ASSUMED  POINT  OF  INFLECTION) 


I  >Y 


DO  YOU  WANT  RESULTS  FOR  ANOTHER 
ENTER  METHOD  FOR  WHICH  COMPLETE 


METHOD?  ENTER  'YES' 
RESULTS  ARE  DESIRED 


OR 


•NO* 
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-COMPLETE 

RESULTS  FOR 

ANCHORED 

WALL  DESIGN 

BY  EQUAL 

MOM  METHOD 

BENDING 

SCALED 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

(  FT  ) 

(LB-FT) 

(LB) 

(LB-IN  3) 

(  PSF  ) 

8.00 

0  . 

-  1  0  0  0  . 

-2.  37E+09 

0.00 

7.00 

-1005  . 

-1016. 

-  1  .  78E+09 

31.22 

6.00 

-2042 . 

-1062 . 

-1  .  19E+09 

62.44 

5.00 

-3140. 

-1140. 

-5. 98E+08 

93.65 

4.00 

-4333. 

-1250  . 

0  . 

124.87 

4.00 

-4333 . 

5588  . 

0. 

124.87 

3.00 

1188. 

5448  . 

6 . 04E+08 

156.09 

2.00 

6552. 

5276  . 

1  .21E+09 

187.31 

1.00 

11730 . 

50  73  . 

1 .80E  +  09 

218.53 

0.00 

16688  . 

4839  . 

2 . 37E  +  09 

249.74 

-1.00 

21389 . 

4548  . 

2 . 91E  +  09 

331.87 

-2.00 

25758 . 

4175  . 

3.41E+09 

413.99 

-3.00 

29712. 

3720  . 

3.87E+09 

496.11 

-4  .  00 

33171  . 

3183. 

4.28E+09 

578.23 

-5.0  0 

36062  . 

2595. 

4 . 63E  +  09 

597.86 

-6.00 

38  3  54  . 

1  987  . 

4  .  92E  +  09 

617.48 

-7.00 

40030  . 

1360  . 

5  .  15E  +  09 

637.10 

-8  00 

41068  . 

713. 

5. 30E+09 

656.73 

-9.00 

41450 . 

47  . 

5 . 38E+09 

676.35 

-10.00 

41155. 

-6  39. 

5. 39E  +  09 

695.97 

-11.00 

40164  . 

-1345. 

5 . 34  E  *  0  9 

715.59 

-12.00 

38458 . 

-207  1  . 

5.21E+09 

735.22 

-13.00 

36016. 

-2816  . 

5 . 01E+09 

754.84 

-14.00 

32820 . 

-3580  . 

4 . 75E+09 

774.46 

-15.00 

28849. 

-4365. 

4 . 44E+09 

794.08 

-16.00 

24084  . 

-5169. 

4.08E+09 

813.71 

-17.00 

18506  . 

-5992. 

3.67E+09 

833.33 

-18.00 

12094 . 

-6835. 

3.24E+09 

852.95 
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-19.00 

4829  . 

-7698 . 

2 . 78E+09 

872.58 

-20 . 00 

-3309. 

-8580 . 

2. 31E  +  09 

892.20 

-21.00 

-12338  . 

-9482  . 

1 .85E+09 

911.82 

-22.00 

-22280  . 

-10404. 

1 .41E+09 

931.44 

-22.00 

-22280  . 

-10404  . 

1 . 41E+09 

-2750.00 

-23.00 

-31299  . 

-7624  . 

1 . 01E+09 

-2810.00 

-24.00 

-37508  . 

-4784. 

6 . 67E+08 

-2870.00 

-25.00 

-40847  . 

-1884 . 

3 . 85E+08 

-2930 .00 

-26 . 00 

-41256  . 

1  0  7  6  . 

1 . 73E+08 

-2990.00 

-27.00 

-38675. 

4096  . 

3 . 24E+07 

-3050 .00 

-28.00 

-33044. 

7176  . 

-4 . 23E+07 

-3110.00 

-29.00 

-24303  . 

10316 . 

-6 . 02E+07 

-3170.00 

-30.00 

-12392. 

13516 . 

-3.67E+07 

-3230 .00 

-30.83 

-0  . 

16229. 

0  . 

-3280 .00 

(NOTE’-  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN**4  TO  OBTAIN  DEFLECTION  IN  INCHES) 


DO  YOU  WANT  RESULTS  FOR  ANOTHER  METHOD?  ENTER  'YES*  OR  ’NO’ 


I  >Y 

ENTER  METHOD  FOR  WHICH  COMPLETE  RESULTS  ARE  DESIRED 

I>TE 
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I 


2  C.— COMPLETE  RESULTS  FOR  ANCHORED  WALL  DESIGN 
BY  TERZAGHI  METHOD 


BENDING 


ELEVATION 

MOMENT 

(FT) 

(LB-FT) 

8.00 

-0  . 

7  .00 

-1005. 

6.00 

-2042. 

5.00 

-3140. 

4.00 

-4333. 

4.00 

-4333  . 

3.00 

1256  . 

2  0  0 

6688. 

1.00 

11933. 

0.00 

16960  . 

-1  .  00 

21728. 

-2.00 

26165. 

-3.00 

30187  . 

-4.00 

33714. 

-5.00 

36672  . 

-6 . 00 

39033. 

-7.00 

40776  . 

-8.00 

41882. 

-9.00 

42332 . 

-9.17 

42342. 

-10.00 

42105 . 

-11.00 

41182 

-12.00 

39544. 

-13.00 

37170 

-14.00 

34041 

-15.00 

30138. 

-16.00 

25441. 

-17.00 

19931. 

-18.00 

13586 

SHEAR 

SCALED 

DEFLECTION 

(LB) 

(LB-IN3) 

-1000  . 

-2.46E+09 

-1016  . 

-1 .85E+09 

-1062. 

-1 .24E+09 

-1140  . 

-6.22E+08 

-1250  . 

0  . 

5656  . 

0  . 

5516  . 

6 . 28E+  08 

5344  . 

1 . 25E+09 

5141 . 

1 .87E+09 

4907  . 

2.46E+09 

4616  . 

3. 02E+09 

4243  . 

3.55E+09 

3788  . 

4 . 03E+09 

3251  . 

4.46E+09 

2663  . 

4 . 83E+09 

2055. 

5. 14E+09 

1428. 

5 . 38E+09 

781  . 

5 . 55E+09 

115. 

5.65E+09 

0  . 

5.65E+09 

-572. 

5.67E+09 

-1277  . 

5.62E+09 

-2003. 

5. 51E+09 

-2748. 

5.32E+09 

-3512. 

5. 07E+09 

-4297. 

4.76E+09 

-5101. 

4.40E+09 

-5924. 

3. 99E+09 

-6767. 

3.55E+09 

NET 

PRESSURE 
( PSF) 
0.00 
31.22 
62. 44 
93.65 

124.87 

124.87 
156.09 
187.31 
218.53 
249 . 74 

331.87 
413.99 
496.11 
578.23 
597.86 
617.48 
637.10 
656.73 
676.35 
679.66 
695.97 
715.59 
735.22 
754.84 
774.46 
794 . 08 
813.71 
833.33 
852.95 
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-19.00 

6389. 

-20.00 

-1680. 

-21.00 

-10642. 

-22.00 

-20516. 

-22.00 

-20516. 

-23.00 

-29467  . 

-24.00 

-35608. 

-25.00 

-38879. 

-26.00 

-39220. 

-27.00 

-36571. 

-28.00 

-30872. 

-29.00 

-22064. 

-30.00 

-10085. 

-30.69 

-0  . 

-7630. 

3. 

-8512. 

2. 

-9414 . 

2. 

-10336  . 

1 . 

-10336  . 

1 . 

-7556. 

1 . 

-4716  . 

9. 

-1816  . 

5. 

1144. 

3. 

4164. 

1. 

7244. 

7  . 

10384. 

1 . 

13584. 

1  . 

15814  . 

0  . 

09E+09 

872.58 

61E+09 

892.20 

14E  +  09 

911.82 

69E+09 

931.44 

69E+09 

-2750.00 

27E+09 

-2810.00 

02E+08 

-2870.00 

96E+08 

-2930.00 

57E+08 

-2990.00 

85E+08 

-3050.00 

61E  +  07 

-3110.00 

99E  +  07 

-3170.00 

42E  +  06 

-3230 .00 
-3271.17 

(NOTE:  DIVIDE  SCALED  DEFLECTION  BY  MODULUS 
OF  ELASTICITY  IN  PSI  TIMES  PILE  MOMENT  OF 
INERTIA  IN  IN#*4  TO  OBTAIN  DEFLECTION  IN  INCHES) 


I  >N 

I  >N 


DO  YOU  WANT  RESULTS  FOR  ANOTHER  METHOD?  ENTER  'YES'  OR 

DO  YOU  WANT  GEOMETRY  AND/OR  RESULTS  PLOTTED? 

ENTER  'GEOMETRY',  ’RESULTS',  'BOTH',  OR  'NEiTHER' 

OUTPUT  COMPLETE 


'NO' 
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PROBLEM  "ANCH3" 

Anchored  Wall  Design — Granular  Soil  With  Seepage  Effects 
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Figure  C3.  System  and  program  results  for  problem  "ANCH3 


1000  :i  PROBLEM  -  ANCII3  -  ANCHORED  WALL  BESIUN 
1010  SEEPAGE  GRADIENT  ==  1/3 

1020  ZERO  NET  HORIZONTAL  MATER  PRESSURE  AT  EL 
10.10  A  D  r. 

1040  20  15  1 
1050  1  1 
10A0  20 

1020  120  30  0  0 
l OHO  1  I 
10 VO  0 

1100  120  30  0  0 


PROGRAM  SMTWAL  -  DEB I GH/ANALYS1S  Of  ANCHORED 
OR  CANTILEVER  GHEE!  PILE  MAIM'.  DY  CLASSICAL  METHODS 
date:  10/15/80  time:  17:54:39 

J .  INPUT  DATA 
1 .A.—  HEADING 

PROPt EM  AMCH3  ANCHORED  WALL  DESIGN 
SEEPAGE  GRADIENT  -  1/3 

ZERO  NET  HORIZONTAL  WATER  PRESSURE  AT  EL  -30 


I.D. —MAIL  TYPE*  MODE .  METHOD 
ANCHORED  WALL  DESIGN  DY 

ANCHORED  WALL  DESIGN  DY 

ANCHORED  WALL  DESIGN  DY 

ANCHORED  WALL  DESIGN  DY 

ANCHORED  WALL  DESIGN  DY 


TREE  EARTH  METHOD 
FIXED  EARIH  METHOD 
EOUIVALENI  DEAI1  MI .  THOD 
EGHAl  MOMENT  METHOD 
I ERZAGHI  METHOD 


I.C.  WAI  I  DESCRIPTION 

rop  01  WALL  ELEVATION  “ 
ANCHOR  ELI  VAT  ION 
I  ACTOR  or  GAIETY 


'*<) .  oo  <  r  i  > 
ir..()o  <rr> 
i .  oo 


I.D. "-RIGHT  S  I D1  SOIL  DESCR1PII0N 

MIIMDFR  or  PI  rim  side  surface  POINIS  =  1 
NOMDER  or  RIGHT  SIDE  SOIL  LAYERS  ~  1 


RIGHT  SIDE  SURE  ACE  PIIIM1  COORDiNAlES 
P01NI  l LEVA  I  ION  X  COORD 

NO.  (II)  <TT> 

1  20. 00  0.00 


DO  I  TOM 
ELEV 
A  I  WALL 
(I  I  > 


RIGHT  SIDE  SOU.  LAYER  DATA 


INTtRMAI 

WALL 

1.AYKR 

UNIT 

rRICT ION 

FRICTION 

NO, 

WEIGHT 

ANGLE 

COHESION 

ANSI  E 

(PCI  1 

(DEG) 

IPS!  ) 

(DEG) 

1 

i  :>o .  oo 

30.00 

0,00 

0 . 00 

D01  HIM 

SLOPE 

<n/rr> 
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1 

1 


1  .1  .  -  l  KM  SIDF.  SOIL  PI  SCRirT  KIN 

NUMBER  or  UTT  SIDE  SORT  ACL  PU1N1S 
number  or  nr r  side  sun  layers 


l  i  t  1  0  I  lit  SlIRt  ACE  10  INI 
COIN  I  I  I  1001100 

NO.  (FI) 

1  0 . 00 


cooruu  nates 

X  FOUR  It 
(FT) 
0.00 


I  t  I  T  SIDE  sou. 

I  AX  I  R  OMIT 
no.  or  i  r;i  m 

(IT.E  ) 

I  IT’ 0.00 


LAYER  DATA 
1  NT  ERNAL 
I  RtClIUN 

ANGLE  COI ICO  ION 
(  PEG )  <  FSF  ) 

30.00  0.00 


WALL.  BUTT  DM 

r  riction  ru.u 

ANGLE  A I  WAI  L 
(PEG)  (FI) 

0.00 


HOI  Kill 

si  ore 
(r  r/n  > 


i.r. . UAir.R  pa i a 

K  I  01  It  HI  PI  ELEVATION 
I  n  1  St  III  ELEVATION 
NAUR  ON  I  I  WEIGHT 
SI  IT  AliE  GRADIENT 


:>0.00  (FT) 
0,00  (FT) 
43.0 0  (FCF) 
.33  (FT/M) 


l.l).  HtlRCIIARGI  I  DAPS 

NIIMPIR  III  I  INF  I.OAPS  -  0 

PIHTRIPim  P  LDAP  PUUKUilinON  -  NON! 


1  .11.*  TIOM/ONrAI  I  HAPS 

NUMBER  Or  HORIZONTAL  LINE  LOADS 
NUMBER  OF  HORIZONTAL  IFTSSIIRF  POINTS 
EAR  1 HOIJAKF  ACCEI.ERA I  ION 


0 

0 

0.00  (G'S) 
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IKIIliKAM  SITIUAI  -  PI  S  1  OM/ANALYSIS  OF  ANCHORET! 

oi;  cantilever  si  if  t  i  ink  mails  nv  classical  m  Minus 
ham  :  1 0/ 1 s/uo  timi  :  i/:ss!09 

:■ .  ki  sm.rs 

2.  A.-  hi:  AH  IMG 

I  KOPI  I  M  -  ANCII3  ANCHORED  MAIL  DESIGN 
Si  l  l  ASF  GRAPH  N  I  -  1/3 

/L'lill  NET  HORIZONTAL  WATER  PRESSURE  AT  EL  -20 


Mi,  SUMMARY  Or  RESULTS  FOR  ANCHORFD  WALL  DESIGN 


SOIL  PRESSURES  DETERMINED  PY  L'lHILOHH 
COF.I  I  1C  Tl  NTS  AND  MU  (IKY  III  ELASTICITY 
I  HUAI  MINS  i  nti  SlIRCHARnr  I  IIAIiS 


UAI  1 

Pill  IOM 

MAXIMUM 

MAX  SCALED 

ANCIIUK 

ML  1  HDD 

fTN 

ELEM 

HINDI  NO  MOMENT 

plti  r  ci  i  on 

FORCE 

<  f  I  ) 

<F1  ) 

TI  B-  FT) 

(LB-IN3) 

<  L  D ) 

Mill  FAR  III 

:>:\o 

22 . 0 

1  1  11.93. 

2.61 E  1 10 

13686. 

1  1  XI  D  FAR  III 

M  *  .1 

•3  1 . 3 

91317. 

1 ./SET  10 

12076. 

1  OUT V  Dl  AM 

-32.2 

01310. 

9 . SHE  109 

1  1336. 

I  IIUAL  MOM 

CM* 

32.2 

HI  263. 

l.UEflO 

11328. 

ILIi/ Alii  11 

M) .  .< 

30.3 

91236. 

1 .7SF.1 10 

12070. 

I  Nil  IT  !  PENETRATION  MIR  Efllll  VALENT  BEAM 

mi  i min  DHLS  nth  inciiidl  increase 
PRI  SCR  l  IH.D  BY  DRAI  I  EM  1110-2-2906) 


(NOIEl  HIVTDI  SCAM  D  DEFLECT  1  TIN  DY  MODULUS 

OF  FI.  AST  IC I  I Y  IN  1ST  IIMES  PILE  MOMENT  IJE 

I NEK  1 1 A  IN  IN* *4  10  OBTAIN  DEFLECTION  IN  INCHES) 


7.c.  cnmitii:  risiii.if,  i  tin-  oncikiri.ii  wot  t  i»lt; f un 

IiY  IKK  FOKIII  Ml  I  HI  IK 


III  Mill:  Nil 

niroiii, 

nut 

11  l  (701  ION 

MIIMI  NT 

i;hi  ok 

Hill  Fill  (ON 

rot  ssure 

(II) 

<i.n  ft  > 

(1.10 

<i.n  ]N  i> 

( I'SF  ) 

:>(> .  00 

0. 

0. 

-1.12EU0 

0.00 

1  V .  00 

-11. 

34. 

-0.77EIO7 

68.00 

1  tl .  00 

71  . 

- 1  3A . 

-6.731107 

1  31, .  00 

1  7 . 00 

306  . 

,107. . 

-  4 . 471. 107 

204.00 

IK.  00 

775. 

(144. 

7 .741  107 

272.01 

1  1. .  00 

-1417. 

nr.o. 

0. 

340.01 

i .  oo 

1417. 

1  7 A. 14  . 

0. 

340.01 

14.00 

1  1  0.(7. « 

1  777.0  . 

7. 741107 

408.01 

1  .(.00 

7.40110. 

1 J  0  1 R . 

4.47EI07 

476.01 

i  :■ .  oo 

,147.4V . 

1  1 .1011 . 

1. .  A5E  1  09 

1,44.01 

1  1  . 00 

4'.  A  7,1. 

10730. 

ft.  77FI09 

1,12.01 

1 0 . 00 

r:.  ao  nr. . 

100H4. 

l  .001  1  10 

680.01 

9 .  00 

Ann i n . 

7,1 70. ' 

1 .701  1  10 

740.02 

II .  00 

741107. 

or, Ilf) . 

1 .461  110 

016. 02 

7  .00 

1177  70. 

7730. 

J  .631, 1  10 

804.07 

A .  00 

707', n. 

7,070. 

1 . 771  1  1  0 

957 . 07 

:..oo 

7  7,1.11 7 . 

1,11.14  . 

1 . 731  1  1  0 

1070.02 

■1 . 00 

J 01 077. 

4  7110. 

7 . 051. 1  1  0 

10811.02 

,i .  oo 

1  01, 1  74  . 

37,r,H. 

7.  I1.F  1  10 

1  11,6.02 

7 .  oo 

107177. 

741.11. 

7 . 75F.  1  1  0 

1774.03 

1  .00 

1 1  10,11.. 

1710. 

7 . 37F  1 1  0 

1 797 . 03 

0 . 00 

1 1  ir.nn. 

HA. 

2.37LI  1  0 

1360.03 

1  . 00 

1  101117. 

)  4 1  r, . 

7.40KII0 

1 736.03 

7.00 

toonoo. 

7589. 

7.411  1  10 

1117. 07 

.1 . 00 

1  or, 7. 77. . 

-31.37. 

7 . 40L 1 1 0 

91111.07 

4 . 00 

lor. a:,. 

-  41.1,7, . 

7.371-1  10 

864.07 

r,.oo 

77.707 , 

1,31,7 . 

7 . 33F  1 J  0 

740.01 

A  .  00 

9007:1. 

1,041.. 

2.77E110 

616.01 

-/.oo 

047,4  1  , 

7 . POE  1 10 

492.01 

0 . 00 

7771 7. 

-7079 . 

2.111  1 10 

368.01 

7.00 

701)75. 

•7331,. 

7.00EI 10 

244.00 

10.77 

or,  777. 

71,75. 

1 .  77EI 10 

0.00 
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11.00 
1  2 . 00 
I  3 . 00 
-14.00 
-15.00 
-16.00 
- 1 7 . 00 
-If).  00 
-19.00 
20 . 00 
-20 . 00 
-21.00 
-21.90 


555.1:1. 

4 790 I  . 
4055.7 . 
.1.1305. 
26509 . 
20293. 
14621 . 
9690 . 
5646. 
2590. 
2590. 
659. 
0. 


-7575. 
7509. 
7319. 
-7005. 
656  7  • 
6005. 
-5319. 
-4509. 
-3575. 
-2516. 
-2516. 
-1320. 
-0. 


1 .76E 110 
1  •  63E  I  1 0 
1.40EI1O 
1.33E110 
1.17CI10 
1.01EH0 
8.46EI09 
A.78E 109 
5.09E 109 
3.39E10V 
3 . 39E 1 09 
1 .60E+O9 
0. 


-4.00 
-120.01 
252.01 
-376.01 
-500.01 
624.02 
-740.02 
072.02 
-996.03 
1120.27 
1 120.40 
-1271.94 
1420.90 


< note >  divide  scaled  deflection  by  modulus 
or  elasticity  in  fsi  times  PILE  MOMEMl  of 
INERTIA  IN  IN**4  TO  ODIAIN  DEFLECTION  IN  INCHES) 
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?.C. — COMPLETE  RESULIS  FOR  ANCHORED  MALL  DESIGN 
PY  FIXED  EARTH  METHOD 


PENDING 

SCALED 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

<  FT ) 

(LB-  FT) 

<LD> 

(LB-IN3) 

<psr> 

;><) .  oo 

0. 

0. 

-8.68E+09 

0.00 

19  #00 

11 . 

-34. 

-6 . 94F.T09 

68 . 00 

10*00 

-  VI . 

-136. 

-5.21E+09 

136.00 

1 7 . 00 

-30  A. 

-306. 

-3.47E109 

204 . 00 

l  A .  00 

-725. 

-544. 

-1.74E+09 

272.01 

IT/ *00 

-1417. 

-850. 

0. 

340.01 

IS  ♦  00 

-1417. 

11224. 

0. 

340.01 

14*00 

9626. 

10850. 

1 .74EI0V 

408.01 

i  .  oo 

20261. 

10408. 

3 . 46E 1 09 

476.01 

t ;> .  oo 

30420. 

9890. 

S.14EI09 

544.01 

11*00 

40034 . 

9320. 

6.77E+09 

612.01 

to. 00 

4V037. 

0674. 

8 . 34ET09 

680.01 

9*00 

57360. 

7960. 

9. 81EI09 

748.02 

fl.00 

64935. 

7170. 

1 . 12ET10 

016.02 

7*00 

71693. 

6328. 

t  .25E110 

884.02 

A.  00 

77560. 

5410. 

1.36E+10 

Otrjl  #  02 

r» .  oo 

02491 . 

4424. 

1 .46E+10 

1020.02 

4 . 00 

86393. 

3370. 

1.55ET10 

1 008 . 02 

T .  00 

09200. 

2248. 

1 .62EH0 

1156.02 

.*  .00 

90867. 

1058. 

1 . 6HE+ 1 0 

1224.03 

1  .  1  6 

91317. 

0. 

1.71EH0 

1281.45 

t  .00 

VI 301. 

-200. 

1.72EI10 

1292.03 

0 . 00 

90444. 

-1526. 

1 . 74E 1 1 0 

1360.03 

- 1  #  00 

88258 . 

-2824. 

1 .75EI 10 

1236.03 

-7.00 

84837. 

-3998. 

l.  75E.110 

1112.02 

-3,00 

80303. 

-5048. 

1 .73E+10 

980.02 

4.00 

74782. 

-5974. 

I  .691110 

864.02 

-55*00 

60396, 

-6776. 

1. 64F.H0 

740.01 

-  A  *  00 

61271. 

-7454. 

1.58EI10 

616.01 

-7.00 

53529 . 

-8008, 

1  . 5 1 F 1  10 

492.01 

-0.00 

45796. 

-0438. 

I.44EH0 

368.01 

-  ? .  00 

366 94 . 

-8744. 

1 .35ET10 

244.00 

•10*00 

27048. 

-8926. 

1 . 26E 1 1 0 

120.00 

10,97 

191 73. 

-  8984 . 

1  .  16ET10 

0.00 

12.00 

9921  . 

-0910. 

1  .0611 10 

-1 28 • 01 

“11. 00 

1000. 

-8720. 

9.54EI09 

.  o  i 

1  -1 . 00 

-7494 . 

-8414. 

8.51EI0? 

-  3  76 . 0 1 

-15.00 

-15700. 

-7976. 

7 . 50 r 109 

fiOO.OJ 

- 1  6 . 00 

-21405. 

-74 1 4  . 

6 . 5 OF  1 09 

AIM.  02 

- t  7 . 00 

-10487. 

-6728. 

5.55EI0? 

-740.02 

111.  00 

-16820. 

-5918. 

4.66EI09 

-872.0? 

19.00 

-42202. 

-4904. 

1.82E+09 

-996.03 

20.00 

-4674 7. 

-1926. 

3.06FI09 

-  1 1 20 . 27 

20.00 

-  46747. 

-1926. 

1.06FI09 

-1120.40 

-21 .00 

-50088 . 

2710 . 

2.18F109 

-1271.94 

•22.00 

-52156. 

1102. 

1.79EI09 

-1423.94 

2.1.00 

52001 . 

118. 

1 . 20E 1 09 

-  ir»  75.94 

-24.00 

-  51869. 

1770. 

0.70E108 

-1727.94 

-25.00 

-49210. 

1574. 

5.46E+08 

-1879.94 

-26.00 

-44671 . 

5510 . 

1 . 07E 1 00 

-2031.94 

-  22.00 

-10100. 

7610. 

1.45EI08 

-21R3.94 

-20.00 

-29145. 

9890. 

4.83E+07 

-23315  •  94 

-20 ■ 59 

-21118. 

11291. 

1.62E107 

-2425.01 

•29.00 

- 1 7195 . 

11880. 

0. 

0.00 

10.59 

-2284. 

6271 . 

-1.41E107 

7446.80 

It.  2  7 

-0. 

-0. 

-1  .451+07 

10833.30 

<Nmr;:  i* i v i m •  scaler  her  ection  ky  hod'iuis 
nr  ri.Asiirirr  in  esi  Tims  file  moment  of 

INFIKIIA  IN  IN**4  III  (JldrtlN  REFLECTION  IN  INCHES > 


>-  ••  ^ 


;  :m:.  -nnmirTr  utsiii  ts  tor  anchored  wall  region 

i  by  eouiv  be  ah  method 


BFNDINP 

SCALED 

NET 

ELEVATION 

NOME NT 

SHEAR 

DEFLECTION 

PRESSURE 

(FT) 

(lb  r i > 

(LB) 

(LD-JN3) 

(PSF ) 

20 . 00 

-0. 

0. 

-5.73F.+09 

0.00 

t  V .  00 

11. 

34. 

-4.50EIO9 

60.00 

111.00 

-91 . 

136. 

-3.44E+09 

136.00 

1  7 . 00 

.10/, . 

-306. 

-2.29ET09 

204.00 

16.00 

-725. 

-544 . 

-  1  .  15(109 

272.01 

1 .  00 

-1417. 

-050 . 

0. 

340.01 

IT,  .00 

-14  17. 

10406. 

0. 

340.01 

1  <1 . 00 

noun. 

10112. 

1 . 15E1 09 

400.01 

13.00 

10704. 

9670. 

2 . 7BE 109 

476.01 

12.00 

7 boot,  . 

9160. 

3.37EI09 

544.01 

11.00 

37001 . 

0502. 

4.42EI09 

612.01 

10.00 

4T..14/,. 

7936 . 

5.41E+09 

680.01 

9.00 

57930 . 

7222. 

6.32E109 

740.02 

11 . 00 

'  ,9  7/,/, . 

6440. 

7.13EI09 

816.02 

7. 00 

65707. 

5590. 

7.U5E+09 

884.02 

A .  00 

70923. 

4672. 

0.44EI09 

952.02 

:, .  oo 

75107. 

3606 . 

0.92E+09 

1020.02 

4.00 

70272. 

2632. 

9.27E+09 

1000.02 

.1 . 00 

00340. 

1510. 

9.4BE+09 

1156.02 

7 .  oo 

01260. 

320. 

9 . 55E+09 

1224.03 

1  .74 

r:  i  .1  bo  . 

0. 

9.54EI09 

1241.63 

l  .00 

00965. 

-930. 

9.49EI09 

1292.03 

0 . 00 

79.169. 

-2264. 

9.28E109 

1360.03 

-1.00 

76445. 

-3562. 

0.94EI09 

1236.03 

-2.00 

72205 . 

-4737. 

0.46E+09 

1112.02 

-3.00 

67013. 

-5787. 

7.06E409 

900.02 

-4.00 

60754 . 

-6713. 

7.14E+09 

864,02 

-r».oo 

5.1630. 

-7515. 

6 • 32E  f 09 

740.01 

-6.00 

45766. 

-0193. 

5.41EI09 

616.01 

-  7 . 00 

37206. 

0747. 

4.42EI09 

492.01 

11.00 

2(1.114. 

9177. 

3.361  109 

368.01 

-9.00 

10974. 

-9403. 

2.26E109 

244.00 

-10.97 

-0. 

-9723. 

0. 

0.00 

(note:  dividt  snAi.ru  deflection  ur  m  tin  nun 

t»f  FIASlir.llY  IN  (SI  TIMES  PILE  MOMENT  OF 

inertia  in  r m*4ia  111  obtain  hkfiectiiin  in  inches) 
<Niiri  :  minor  iahi.i.  for  root  valent  beam 
Minion  r nos  Ar  assumed  point  or  infli.ciihn) 
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-COMPLETE  REStlLIS  FOR  ANCHORED  MALI,  design 
I'Y  I  DUAL  MOM  METHOD 


PENDING 

SCALED 

NET 

ELEVATION 

MOMENT 

SHEAR 

DEFLECTION 

PRESSURE 

(FT) 

(LB--FT) 

(l.B) 

(LB-IN3 ) 

( PSF ) 

20.00 

-0. 

0. 

- A.29E+09 

0.00 

19.00 

-11. 

-34. 

-5.03E+09 

68.00 

10.00 

-91. 

-13A . 

-3.7BE+09 

13A.00 

17.00 

-30A. 

-30A . 

-2.57EI09 

204.00 

1  A.  00 

-725. 

-544. 

-  1 . 2AE 1 09 

272.01 

1 5 . 00 

-1417. 

-850. 

0. 

340.01 

15.00 

-1417. 

10478. 

0. 

340.01 

1-1.00 

8880. 

10104. 

1.2AE+09 

408.01 

i  3 .  oo 

187A9 . 

9AA2. 

2.50E109 

47A.01 

1  2 . 00 

28102. 

9152. 

3.71E+09 

544.01 

11.00 

37051. 

0574. 

4.8BE+09 

612.01 

10.00 

45308. 

792B. 

5.97E109 

ABO. 01 

9.00 

52085. 

7214. 

A.99E+09 

748.02 

n .  oo 

59714. 

A432. 

7.92E+09 

816.02 

9.00 

65727. 

5582. 

B.75E109 

OB 4. 02 

A.  00 

7085A . 

4A64. 

9.4AE+09 

952.02 

5.00 

75033 . 

3A7B  • 

1.01EI10 

1020.02 

-1.00 

78190. 

2A24  • 

1 . 05E+10 

10BB.02 

3.00 

80259. 

1502. 

1 .08E+10 

1 156.02 

2.00 

B 1 1 72 . 

312. 

1.10EF10 

1224.03 

1.00 

000 A 1 . 

-94A. 

1.11E110 

1292.03 

0.00 

79257. 

-  2272. 

1 . 10F1 10 

13 AO. 03 

-1.00 

7A32A . 

-3570. 

1 . 08E 1 1 0 

123A.03 

2 . 00 

72159. 

-4744. 

1. 04F.H0 

1112.02 

-3.00 

A A8H0. 

-5794. 

9 • 9 IE 1 09 

988.02 

-4.00 

A0A1 2. 

-A 720. 

9.31EI09 

064.02 

-5.00 

534(11  . 

-7522. 

B.A0EI09 

740.01 

-A.  00 

45 A 1 0 . 

-8200. 

7.B0EI09 

616.01 

-7.00 

37122. 

0754. 

A.93EI09 

492.01 

-  n .  oo 

28143. 

9184. 

5 . 99F 1 09 

360.01 

9.00 

1B79A . 

-  9490. 

5.00EI09 

244.00 

-10.97 

-193. 

-9730. 

2.97E109 

0.00 

C72 


'  l-*5. .  ,  . 


-11. 00 

50  ! . 

-97.50. 

2.94E+09 

-4.00 

i  2 .  oo 

1 02 1 4 . 

9664. 

1.90E109 

-120.01 

-IT.  00 

- 1V7V4. 

-  94  74. 

8.82E+08 

-252.01 

-14. 00 

-29121. 

-9160. 

-1.02F.+08 

-376.01 

- 1 5 . 00 

-.50077. 

0722. 

-1 .04ET09 

-500.01 

-16.00 

-  46574 . 

-0160. 

-1.91E10V 

-624.02 

-17. 00 

-54. 551  . 

-74  74. 

-2.69ET09 

-740.02 

-If). 00 

-61 4  JO. 

-6664. 

-3.39ET09 

-072.02 

-IV. 00 

-676,50. 

-5730. 

-3.90ET09 

-996  •  03 

70 . 00 

-72049. 

-4672. 

-4.45F.t09 

-1120.27 

-20.00 

-72049. 

-  4672. 

-4.45ET09 

-  1120.40 

-21 .00 

-769,55. 

-3476. 

-4.80EI09 

-1271.94 

-72.00 

-79749. 

-2128. 

-5.01E+0? 

-1423.94 

7,5.00 

01140. 

-628. 

-5.0UET09 

-1575.94 

-73.39 

0  l  26  J  . 

0. 

-5.06E 1 09 

-1635.37 

-  74.00 

00954. 

1024. 

-5 . 02E 1 09 

-1727.94 

-711.00 

-  7904:1 . 

7020 . 

-4.02E+O9 

-1079,94 

-26.00 

-75247. 

4704. 

-4.40ET0V 

-2031.94 

-27.00 

-69427. 

6092. 

-4.01E+09 

-2103.94 

-70.00 

-614  12. 

9152. 

-3.42ET09 

-2335.94 

-79.00 

-51067. 

11564. 

-7.72ET09 

-2407 . 94 

-.50,00 

-  .50234 . 

14120. 

-1.94ET0V 

-  2639.94 

-.51.00 

77760. 

16044. 

-1.09ET09 

-2791.94 

-77.00 

-44?5. 

19712. 

-2.01EI08 

-2943.94 

-.57  ' 1  '* 

0. 

20376. 

0. 

-2978.03 

< N0 1 K :  DIVIDE  SCALED  DEFLECTION  DY  MODULUS 
or  ELASTICITY  IN  F5I  TIMES  FILE  MOMENT  OF 
INERTIA  IN  TN**4  TO  OBTAIN  DEFLECTION  IN  INCHES) 
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CilMF't  i  It  RFSt.ll.  IS  run  ANCtlORn.Ii 
I'Y  llR/ACIII  Ml  I  linn 


WALL  NFS  1(10 


III  UAI  1  UN 

I'l  Nit  INC 
MUMEN 1 

(III 

( 1  H  1  I  ) 

20.00 

0. 

1  V .  00 

-11  . 

111.  00 

-91  . 

1  7 . 00 

-306. 

16.00 

-  725. 

1 5 . 00 

-1417. 

t  r, .  oo 

-1417. 

i  4 . 00 

9622. 

I  3 . 00 

20252. 

1  2 . 00 

30406. 

1  1 . 00 

40016. 

1 0 . 00 

49014. 

9 . 00 

57333. 

ft .  00 

64903. 

7 . 00 

71657. 

6.00 

77527. 

5 . 00 

82445. 

4 . 00 

06343 • 

3 . 00 

89153. 

2.00 

90807. 

1.16 

91254. 

1 .00 

91237. 

0.00 

90375. 

-1.00 

88185. 

-2.00 

84759. 

-3.00 

0022 1 . 

•  4.00 

74695. 

-5.00 

68305. 

-  6 . 00 

61175. 

-7.00 

53429. 

8 . 00 

45191 . 

9.00 

36584 . 

10.97 

19054. 

Sill  OR 

SCALED 
DEFLECI IUN 

(LB) 

(LB  IN3 ) 

0. 

8.67D09 

34. 

-6.93E109 

136. 

-5  •  201: 1  09 

306. 

-3. 4 71. 109 

-544  • 

-1.73EI09 

-850. 

0. 

11220. 

0. 

10846. 

1 .731M09 

10404. 

3.45L 109 

9894. 

5.13EI09 

9316. 

6 . 76E 1 09 

8670. 

8.32E109 

7956. 

9.80EI09 

7174. 

1 . 12E+10 

6323. 

1.24EI 10 

5405 . 

1 .361  1  10 

4419. 

1 . 46E 1 1 0 

3365. 

1 .55EI10 

2243. 

1 . 62E 1 1 0 

1 053 . 

1.67FM10 

0. 

1 . 71E110 

-205 . 

1.71EI 10 

-1531. 

1  .741:1  10 

-2829. 

1 . 751  1  1  0 

-4003. 

1 . 74E 1 10 

-5053. 

1 . 72E 1 1 0 

5979. 

1 .69EI10 

-6781. 

1 .64EI10 

-7459. 

1 .58(1  10 

8013. 

1.5) E110 

-0443. 

1.43E110 

-8749. 

1.35EI 10 

-8989. 

1.16E110 

NET 

PRESSURE 
(PSF) 
0.00 
60 . 00 
1 36 . 00 
204.00 
272.01 
340.01 
340.01 
4013.01 
476.01 
544.01 
612.01 
6130.01 
748.02 
016.02 
BB4.02 
952.02 
1020.02 
10BB.02 
1156.0? 
1224.03 
12131 .21 
1292.03 
1 360.03 
1236.03 
1112.02 
9BB.02 
B64.0? 
740.01 
616.01 
492.01 
360.01 
244.00 
0 . 00 
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I 


1  t  .  00 

1  0  7*4  . 

0707. 

I . 15EI 10 

4.00 

:*  *  oo 

V  /VII . 

0923. 

1 . 05E 1 1 0 

-128.01 

3  ♦  <>o 

v*o . 

0733. 

9  .  r.  1  (  1  09 

252.01 

1  4  .  00 

-  //>:’•'. . 

0419. 

0.4I1EI07 

376.01 

IS.  00 

1503*. 

7901. 

7 . 46E 1 09 

500.01 

1  /.,co 

2354*. 

/4  1  7 . 

6.47CI09 

624.02 

1  /  .OO 

30*32 . 

*733. 

5 .  52E  1  07 

748.02 

1  0.00 

3*7/ J . 

4.  A. II.  10? 

it  7  .  o  :> 

t  7 .  00 

42437. 

-4707. 

;i .  7 VC  ( 09 

976.03 

’0.00 

4*70 7 • 

-  3731  . 

3.04EI07 

1 120.27 

*0.00 

4*70/. 

3931  . 

,1 . 04E  1  07 

) 120.40 

’  1  . 00 

50252. 

-2734 . 

2.36EI09 

1771 .74 

*2.00 

5?3?s. 

•130*. 

t  .77E-I09 

1423.94 

’  <.00 

527/4. 

1  J  4. 

1 .27E10? 

-1575.74 

’4.00 

-5204/. 

1 7*r. . 

n . 56F.I  00 

-1  7  27.94 

’5.00 

4737;!, 

3567 . 

r. .  3  ae  i  on 

- 1 0/7 • 74 

V.  .00 

4485/ • 

5525 . 

3.01E10EI 

-2031.74 

’’7.00 

30271 . 

7*33. 

1 .43E  too 

2183.94 

Ml.  00 

-27540. 

7093. 

r>.  10EI07 

2335.74 

‘V .  00 

10454 . 

1 2305 . 

v.nonioA 

-2487.94 

*0.00 

40/7. 

1 40*7 • 

1.43EI05 

2639.74 

*o. 

0. 

15717. 

0. 

2Y.1I8.44 

(Nim  :  ntvinr  sr.Ai.En  ncri.F.t:noN  ky  hopim.us 
nr  n.AsiiciiY  in  rsi  iimeg  rn.E  moment  or 
‘iNITUIA  IN  1N**4  !>'.  OBTAIN  BiTLrrtTON  IN  INCHES) 
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Verification  of  Problem  "ANCH3"  (Sheet  2  of  3) 


3  y  sese  Mer*a£> 
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Verification  of  Problem  "ANCH3"  (Sheet  3  of  3) 

Des/<s*s  ■flr'  eaunspu-Es/T  ££***)  me-ttpce  : 

A  7-70/V  *.7- 
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Instruction  Report  K-80-4 
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